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Abstract 


This invention provides an optical element for correcting a chromatic aberration corresponding to a short 
wavelength of a light source and further provides an optical pick-up device having the optical element for 
correcting a chromatic aberration and adapting for a further higher recording density and larger capacity 
of the optical recording medium, the optical reproducing device and the optical recording and 
reproducing device. The optical element for correcting a chromatic aberration arranged between a light 
source such as a semiconductor laser or the like with a wavelength being 440 nm or less and an 
objective with numerical aperture NA being 0.55 or more, a focal distance being 1.8 mm or more and an 
Abbe number at the d-line (587.6 nm) being 95.0 or less has a convex lens with at least an Abbe 
number at the d-line being 55 or more and a concave lens with an Abbe number at the d-line being 35 or 
less 
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Description 

BACKGROUND OF THE INVENTION 
[0002] 1 : Field of the Invention 

[0003] This invention relates to an optical element for correcting a chromatic aberration, an optical pick- 
up device having the optical element for correcting a chromatic aberration, an optical reproduction 
device having this optical pick-up device and an optical recording and reproduction device, and. more 
particularly an optical element for correcting a chromatic aberration generated at each of optical planes 
in an optical system, an optical. pick-up device having the optical element for correcting a chromatic 
aberration, an optical reproduction device having this optical pick-up device and an optical recording 
and reproduction device. 
[0004] 2. Description of the Related Art 

[0005] ROM (Read-Only-Memory) type optical disc represented by a CD (Compact Disc), a RAM 
(Random Access Memory) type optical disc represented by a phase changing disc or a magneto-optic 
disc or an optical recording medium represented by an optical card and the like are widely used as 
storing media such as image information, audio information or programs for information equipment. In 
the case of these optical recording media, a high density and a large capacity have been gradually 
attained and in the case of the optical pick-up device corresponding to these optical pick-up devices, a 
short wave length formation of a light source, semiconductor laser, for example, or a large NA 
(Numerical Aperture) of an objective has been attained and a small diameter of a light collecting spot 
collected through the objective has been attained. For example, in the case of the CD which has been 
merchandised at a relative initial stage, a wave length of the light source is set to 780 nm, and to the 
contrary, in the case of DVD (Digital Video Disc or Digital Versatile Disc) which has been recently 
merchandised, a wave length of the light source is set to either 650 nm or 685 nm. However, in recent 
yearSi it has been desired to attain a higher density and a higher capacity of the optical recording 
medium and in correspondence with this trend, the wave length of the light source has been apt to 
show more and more a short wave length. 

[0006] A chromatic aberration is an aberration which is generated when either a lens or an optical 
system must process either a multi wave length or a continuous wave length and a refractive index of 
optical material is made different in response to a wave length, resulting in that a focal distance of the 
objective is also made different. That is, since a refractive index of the optical material in a visual range 
shows a normal distribution, a refractive index for a blue light becomes a larger value than for a red 
fight. For example, in the case of a convex type glass lens, a focal distance of blue light becomes 
shorter than a focal distance of red light. A wave length of laser light radiated from a semiconductor 
laser is generally a mono-chrome (a single mode) and it is assumed that there occurs no chromatic 
aberration, although actually it has a wave length width of about several nm or so. In addition, there is 
also a possibility of occurrence of a so-called mode hopping that a central wave length of a laser beam 
radiated from a semiconductor abruptly flies by several nm due to a variation in temperature or the like. 
[0007] Accordingly, in the case that a short wave length semiconductor laser of about 440 nm or 440 
nm or less, for example, is applied in an optical pick-up device corresponding to a higher density and a 
higher capacity of the optical recording medium, a chromatic aberration generated at the objective 
caused by a displacement of wave length becomes a non-allowable important problem. As to the fact 
that the chromatic aberration becomes high in response to a short wave length, it may be considered 
that there are two causes for it. A first cause consists in the fact that if a short wave length is applied in 
a usual objective,' a variation of refraction index becomes large in respect to a minute variation in wave 
length and a defocusing amount which is an amount of motion of a focal point becomes large. A 
second cause consists in the fact that as a higher density and a higher capacity of the optical recording 
medium are attained, it is necessary to keep a diameter of a converging spot to be converged by the 
objective as less as possible, although as a depth of focus (d) of the objective is expressed by an 
equation of d=[lambda]/(NA)(where, [lambda] is a wave length [lambda] of a light source and NA is a 
numerical aperture of the objective), the depth pJJocu^(dJ_becpmes low as the wave length to be 
handled is short and even a slight defocusing is not allowed. 

[0008] In order to keep the chromatic aberration of the objective low, it can be applied that optical 
material having a low dispersion property is used as the objective, although the chromatic aberration is 
even high under a short wave length. In addition, although it is possible that the objective is an 
achromatic lens composed of a plurality of lenses, a weight of the achromatic lens composed of a 
plurality of lenses becomes heavy. For example, in the case that the achromatic lens having a heavy 
weight is used as an objective and this objective is applied in a double-axis actuator for use in 
controlling and driving the objective in a focusing direction and a tracking direction, there occurs a 
possibility that servo quality such as focusing sejvo property and ^tracking .5_^pjir^ertyjs„reduced. In 
addition, in the case that the heavy acTTrbmaticleris Is 'used as an objective, a high current is required 
in a drive power supply for the double-axis actuator and at the same time a drive circuit or a power 
supply or the like becomes large in size, resulting in that this may prohibit a small-sized formation of the 
optical pick-up device, the optical reproducing device provided with this optical pick-up device or the 
optical recording and reproducing device. 
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SUMMARY OF THE INVENTION 

[0009] The present invention provides an optical element for correcting chromatic aberration in 
correspondence with a formation of short wavelength of the light source and provides an optical pick-up 
device, an optical reproducing device and an optical recording reproducing device in correspondence 
with a higher recording density and a higher capacity of the optical recording medium under application 
of this optical element for correcting chromatic aberration. 

[0010] In order to- solve the aforesaid subject matter, the optical element for correcting chromatic 
aberration of the present invention defined in claim 1 is arranged between a light source such as a 
semiconductor laser or the like with- a wavelength being less than 440 nm and an objective with NA 
being 0.55 or more, with a focal distance being 1 .8 mm or more and with an Abbe number at the d-line 
(Fraunhofer's d-line of 587.6 nm, the color produced by an emission line of helium) being 95.0 or less, 
wherein the optical element for correcting chromatic aberration has a convex lens with at least an Abbe 
number of the d-line being 55 or more and a concave lens with an Abbe number of the d-line being 35 
or less. 

[0011] The optical element for correcting chromatic aberration of the present invention defined in claim 
2 is arranged between a light source such as a semiconductor laser or the like with a wavelength being 
less than 440 nm and an objective composed of two lenses with NA being 0.70 or more, with a focal 
distance being 1 .4 mm or more and with an Abbe number at the d-line being 95.0 or less, wherein the 
optical element for correcting chromatic aberration has a convex lens with at least an Abbe number of 
the d-line being 55 or more and a concave lens with an Abbe number of the d-line being 35 or less. 
[0012] That is, the optical element for correcting chromatic aberration of the present invention defined 
in claims 1 and 2 is constructed such that the optical element is arranged between the light source and 
the objective irrespective of whether or not a flux of light at a position where the optical element is 
arranged is a converging flux of light or a diverging flux of light, a chromatic aberration of polarity 
opposite to that of the chromatic aberration generated at other optical surfaces is generated at an 
uneven surface through which the light passes. Accordingly, an uneven surface where the light passes 
through the objective and focuses at a focal point is kept at a state in which the chromatic aberration is 
cancelled, and an entire optical system becomes a system in which a superior correction of chromatic 
aberration is carried out within a range of variation of wavelength at the light source. 
[0013] The chromatic aberration is generated when a refractive index (n) of optical material is changed 
only by [Deltajn due to a variation in wavelength [Delta][lambda] of the light source. Then, a variation 
[Delta]f of a focal distance (f) of a thin lens is given by a following equation (1): 
[0014] ([Delta]f/f)+[Delta]n/(n-1)=0 (1) 
[0015] wherein: 

[001 6] [Delta]n/(n-1 )=(nF-nC/(nd-1 )=vd, 

[0017] [Delta]f=[Delta]F-C cause a following equation (2) to be attained, 
[001 8] vD is an Abbe number, 

[0019] [Delta]F-C is a variation in focal distance at a line C and at a line F, 

[0020] nF, nC, nd are refractive indexes against a Fraunhofer's lines F (486.1 nm), line C (656.3 nm) 
and d-line (587.6 nm), respectively. 
[0021] [Delta]F-C=-fA/D (2) 

[0022] A chromatic aberration of the objective appears as an absolute value of variation in a focal 
distance (f) and as apparent from the above equation (2), the larger the focal distance (f), the larger a 
chromatic aberration, or the smaller the Abbe number VD of the optical material constituting the 
objective, the larger a chromatic aberration. Further, a depth of focus of the objective is given by d= 
[Delta]/(NA), the shorter a wavelength or the larger a value of NA, the smaller a depth of focus, and the 
larger a deterioration of optical property caused by the chromatic aberration. 
[0023] The optical element for correcting a chromatic aberration of the present invention has a 
configuration of two lenses in 1 -group or one lens in 2-groups and it is. preferable to make a 
configuration under a combination of a convex lens with an Abbe number at the d-line being 55 or more 
and a concave lens with an Abbe number at the d-line being 35 or less. A chromatic aberration can be 
expressed as a variation [Delta]K of a refraction force K. When a refraction force of the objective is 
defined as K1,a variation [Delta]K1 of the refraction force under variation of the wavelength is 
expressed by a following equation (3); 
[0024] [Delta]K1 =K1 *[Delta]n/(n+1 ) (3) 

[0025] If it is assumed that a variation [Deltajn of a refractive index (n) of the optical material caused by 
a variation in wavelength of the light source is defined as [Delta]n>0, K1 is a positive value due to the 
fact that it is a refraction force of the converging lens and then [Delta]K1 becomes [Delta]K1>0 in 
reference to equation (3). In order to eliminate this state, it is -satisfactory that an amount of variation 
[DeltajK caused by a wavelength of a composite refraction force K=K2+K3 of the optical element for. 
correcting a chromatic aberration comprised of two lenses in one group or two lenses in two groups 
expressed by a following equation (4) becomes [Delta]K<0. 
[0026] [Delta]K=(K2/v2)+(K3/v3)<0 (4) 
[0027] wherein: 

[0028] K2 and K3 are refraction forces of each of the two lenses in one group or one lens in two 
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groups, and 

[0029] v2 and v3 are Abbe numbers of each of two lenses in one group or one lens in two groups. 
[0030] Further, in the case that the optical element for correcting a chromatic aberration is arranged in 
a beam with narrow widening angle radiated from the light source such as a semiconductor laser or the 
like or a substantial collimator optical path, the optical element for correcting a chromatic aberration has 
scarcely a power as compared with the refraction force K1 of the objective, resulting in that it is 
possible to assume that an equation of K=K2+K3=0 is attained and K2=-K3 is accomplished. 
Accordingly, equation (4) becomes as follows. 

[0031] K2/v20 is attained, i.e. a convex lens is applied, a relation of K3V3 is attained. To the contrary, if 
. it is assumed that K20 is attained, i.e. a convex lens is applied. and a relation of V2[0033] The optical' * 
pick-up device of the present invention defined in claim 3 is an optical pick-up device comprising a light 
source with at least a wavelength being 440 nm or less, an objective with NA being 0.55 or more, a 
focal distance being 1 .8 mm or more and an Abbe number at the d-line being 95.0 or less, and an 
optical element for. correcting a chromatic aberration arranged between the light source and the 
objective, wherein the optical element for correcting a chromatic aberration has a convex lens with at 
least an Abbe number at the d-iine being 55 or more and a concave lens with an Abbe number at the d- 
line being 35 or less. 

[0034] The optical pick-up device of the present invention defined in claim 4 is an optical pick-up device 
comprising a light source with at least a wavelength being 440 nm or less, an objective composed of 
two lenses with NA being 0.70 or more, a focal distance being 1 .4 mm or more and an Abbe number at 
the d-line being 95.0 or less, and an optical element for correcting a chromatic aberration arranged 
between the light source and the objective, wherein the optical element for correcting a chromatic 
aberration has a convex lens with at least an Abbe number at the d-line being 55 or more and a 
concave lens with an Abbe number at the d-line being 35 or less. 

[0035] The optical reproducing device of the present invention defined in claim 6 is an optical 
reproducing device comprising an optical pick-up device including a light source with at least a 
wavelength being 440 nm or less, an objective with NA being 0.55 or more, a focal distance being 1.8 
mm or more and an Abbe number at the d-line being 95.0 or less and an optical element for correcting 
a chromatic aberration arranged between the light source and the objective, and a controlling and 
driving means for controlling and driving the optical pick-up device to a tracking direction, wherein the 
optical element for correcting a chromatic aberration has a convex lens with at least an Abbe number at 
the d-line being 55 or more and a concave lens with an Abbe number at the d-line being 35 or less. 
[0036] The optical reproducing device of the present invention defined in claim 7 is an optical 
reproducing device comprising an optical pick-up device including a light source with at least a 
wavelength being 440 nm or less, an objective composed of two lenses with NA being 0.70 or more, a 
focal distance being 1 .4 mm or more and an Abbe number at the d-line being 95.0 or less and an 
optical element for correcting a chromatic aberration arranged between the light source and the : 
objective, and a controlling and driving means for controlling and driving the optical pick-up device to a 
tracking direction, wherein the optical element for correcting a chromatic aberration has a convex lens 
with at least an Abbe number at the d-line being 55 or more and a concave lens with an Abbe number 
at the d-line being 35 or less. 

[0037] The optical recording and reproducing device of the present invention defined in claim 9 is an 
optical recording and reproducing device comprising an optical pick-up device including a light source 
with at.least a wavelength being 440 nm or less, an objective with NA being 0.55 or more, a focal 
distance being 1 .8 mm or more and an Abbe number at the d-line being 95.0 or less and an optical 
element for correcting a chromatic aberration arranged between the light source and the objective, and 
a controlling and driving means for controlling and driving the optical pick-up device to a tracking 
direction, wherein the optical element for correcting a chromatic aberration has a convex lens with at 
least an Abbe number at the d-line being 55 or more and a concave lens with an Abbe number at the d- 
line being 35 or less. 

[0038] The optical recording and reproducing device of the present invention defined in claim 10 is an 
optical recording and reproducing device comprising an optical pick-up device including a light source 
with at least a wavelength being 440 nm or less, an objective composed of two lenses with NA being 
0.70 or more, a focal distance being 1.4 mm or more and an Abbe number at the d-line being 95.0 or 
less and an optical element for correcting a chromatic aberration arranged between the light source 
and the objective, and a controlling and driving means for controlling. and driving the optical pick-up 
device to a tracking direction, wherein the optical element for correcting a chromatic aberration has a 
convex lens with at least an Abbe number at the d-line being 55 or more and a concave lens with an 
Abbe number at the d-line being 35 or less. 

[0039] Action caused by the aforesaid means will be described as follows. Although achromatic 
aberration generated at the objective becomes large as a wavelength of the light source becomes 
short, arrangement of the optical element for correcting a chromatic aberration of the present invention 
between the light source and the objective enables the chromatic aberration to be sufficiently corrected 
even if a central wavelength of the light source is 440 nm or less and has about several nm wavelength 
range, for example, or even if a central wavelength shows a mode hopping by about several nm due to 
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a variation in temperature. In addition, it is possible for the optical element for correcting a chromatic 
aberration of the present invention to act as a function of a collimator lens constituting the optical pick- 
up device, i.e. a function for changing a radiated light from the light source into a parallel flux of light 
and then it becomes possible to perform a sufficient correction of the chromatic aberration without 
increasing the number of optical component parts constituting the optical pick-up device. Accordingly, 
in the case of the optical pick-up device provided with the optical element for correcting a chromatic 
aberration of the present invention, there is no possibility of occurrence of the chromatic aberration 
even if the light source of wavelength of about 440 nm or 440 nm or less is used and further it becomes 
possible that the optical reproducing device and the optical recording and reproducing device may 
accommodate for a higher recording density of the optical recording medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 is a schematic configuration view for showing an optical system in which an optical 
element for correcting a chromatic aberration of the present invention is arranged. 
[0041] FIG. 2 is a schematic configuration view for showing an optical system in which an optical 
element for correcting a -chromatic aberration is removed from the schematic configuration view of an - 
optical system in FIG. 1. 

[0042] FIG. 3A shows a spherical aberration in the schematic configuration view of the optical system 
of FIG. 1. 

[0043] FIG. 3B shows an astigmatism in the schematic configuration view of the optical system of FIG. 
1. 

[0044] FIG. 3C shows an aberration of distortion in the schematic configuration view of the optical 
system of FIG. 1. 

[0045] FIG. 4A shows a lateral aberration at an image angle of 0.5[deg.] in the schematic configuration 
view of the optical system of FIG. 1 . 

[0046] FIG. 4B shows a lateral aberration on axis in the schematic configuration view of the optical 
system of FIG. 1. 

[0047] FIG. 5 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 2 when no variation in wavelength occurs. 
[0048] FIG. 6 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 2 when a variation in wavelength is +5 nm. 
[0049] FIG. 7 is a graph for showing a variation of Strehl values when a wavelength is changed from - 
10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 650 nm and a 
chromatic aberration is not corrected, a case in which a wavelength is 440 nm and a chromatic 
aberration is not corrected and a case in which a wavelength, is 440 nm and a chromatic aberration is 
corrected, respectively. 

[0050] FIG. 8. is a view for showing an intensity distribution of point image in the schematic 

configuration view of the optical system of FIG. 1 when a variation in wavelength is +5 nm. 

[0051] FIG. 9 is a schematic configuration view for showing an optical system in which another optical 

element for correcting a chromatic aberration of the present invention is arranged. 

[0052] FIG. 10 is a schematic configuration view for showing an optica! system in which an optical 

element for correcting a chromatic aberration is removed from the schematic-configuration view of an 

optical system in FIG. 9. 

[0053] FIG. 1 1 A shows a spherical aberration in the schematic configuration view of the optical system 
of FIG. 9. 

[0054] FIG. 1 1B shows an astigmatism in the schematic configuration view of the optical system of FIG 
9. 

[0055] FIG. 11C shows an aberration of distortion in the schematic configuration view of the optical 
system of FIG. 9. 

[0056] FIG. 12A shows a lateral aberration at an. image angle of 0.5[deg.] in the schematic 
configuration view of the optical system of FIG. 9. 

[0057] FIG. 12B shows a lateral aberration on axis in the schematic configuration view of the optical 
system of FIG. 9. 

[0058] FIG. 13 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 10 when no variation in wavelength occurs. 
[0059] FIG. 14 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 10 when a variation in wavelength is +5 nm. 
[0060] FIG. 15 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 9 when a variation in wavelength is +5 nm. 
[0061] FIG. 16 is a graph for showing a variation of Strehl values when a wavelength is changed from - 
10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 650 nm and a 
chromatic aberration is not corrected, a case in which a wavelength is 440 nm and a chromatic 
aberration is not corrected and a case in which a wavelength is 440 nm and a chromatic aberration is 
corrected, respectively. 

[0062] FIG. 17 is a schematic configuration view for showing an optical system in which a still. further 
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optical element for correcting a chromatic aberration of the present invention is arranged. 

[0063] FIG. 18A shows a spherical aberration in the schematic configuration view of the optical system 

of FIG. 17. 

[0064] FIG. 18B shows an astigmatism in the schematic configuration view of the optical system of FIG. 

[0065] FIG. 18C shows an aberration of distortion in the schematic configuration view of the optical 
system of FIG. 17. K 
[0066] FIG. 19A shows a lateral aberration at an image angle of 0.5[deg.] in the schematic 
configuration view of the optical system of FIG, 17. 

[0067] FIG. 19B shows a lateral aberration on axis in the schematic configuration view of the optical 
system of FIG. 17. 

[0068] FIG. 20 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 17 when a variation in wavelength is +5 nm. 
[0069] FIG. 21 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 17 when an optical element for correcting a chromatic 
aberration is not arranged and a variation in wavelength is +5 nm. 

[0070] FIG. 22 is a graph for showing a variation of Strehl values when a wavelength is changed from - 
10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 650 nm and a 
chromatic aberration is not corrected, a case in which a wavelength is 410 nm and a chromatic 
aberration is not corrected and a case in which a wavelength is 410 nm and a chromatic aberration is 
corrected, respectively. 

[0071] FIG. 23 is a schematic configuration view for showing an optical system in which an optical 
element for correcting a chromatic aberration of the present invention is arranged in dispersion light. 
[0072] FIG. 24A shows a spherical aberration in the schematic configuration view of the optical svstem 
of FIG. 23. 7 

[0073] FIG. 24B shows an astigmatism in the schematic configuration view of the optical system of FIG. 

23. 

[0074] FIG. 24C shows an aberration of distortion in the schematic configuration view of the optical 
system of FIG. 23. 

[0075] FIG. 25A shows a lateral aberration at an image angle of 0.5[deg.] in the schematic 
configuration view of the optical system of FIG. 23. 

[0076] FIG. 25B shows a lateral aberration on axis in the schematic configuration view of the optical 
system of FIG. 23. ■ . 

[0077] FIG. 26 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 23 when a variation in wavelength is +5 nm. 
[0078] FIG. 27 is a view for showing an intensity distribution of point image in the schematic 
configuration view of the optical system of FIG. 23 when an optical element for correcting a chromatic 
aberration is not arranged and a variation in wavelength is +5 nm. 

[0079] FIG. 28 is a graph for showing a variation of Strehl values when a wavelength is changed from - 
10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 650 nm and a 
chromatic aberration is not corrected, a case in which a wavelength is 440 nm and a chromatic- 
aberration is not corrected and a case in which a wavelength is 440 nm and a chromatic aberration is 
corrected, respectively. 

[0080] FIG. 29 is a schematic configuration view for showing an optical pick-up device of the present 
invention. 

[0081] FIG. 30 is a schematic configuration view for showing an optical recording and reproducing 
device of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0082] This invention can be applied to an optical element for correcting a chromatic aberration 
arranged between a light source and an objective in an optical system for use in recording and 
reproducing information in an optical recording medium such as a ROM type optical disc represented 
by a CD or the like, a RAM type optical disc represented by a phase changing disc or a magneto-optic 
disc or an optical card and the like. In addition, the present invention can be applied to an optical pick- 
up device for reproducing information or recording and reproducing it in an optical recording medium, 
an optical reproducing device having this optical pick-up device, and an optical recording and 
reproducing device. Referring now to FIGS. 1 to 30, some preferred embodiments of the present 
invention will be described as follows. 

[0083] At first, referring to FIG. 1 for showing a schematic configuration view of an optical system there 
will be described an example in which a wavelength of a light source is 440 nm or less, an objective 2 
is a single lens with NA being 0.55 or more, a focal distance being 1.8 mm or more and an Abbe 
number at the d-line being 95.0 or less, an optical element 1 for correcting a chromatic aberration of the 
present invention is arranged between the light source and the objective. In addition, in Tables 1 and 2 
are indicated design values at a wavelength of 440 nm in the optical system in the schematic 
configuration figure of the optical system shown in FIG. 1 and at a wavelength of 650 nm in which the 
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optical element 1 for correcting a chromatic aberration is not used, and a spherical aberration is shown 
in FIG. 3A, an astigmatism is shown in FIG. 3B, an aberration of distortion is shown in FIG. 3C, a lateral 
- aberration at an image angle of 0.5[deg.] is shown in FIG. 4A and a lateral aberration on an axis is 
shown in FIG. 4B, respectively. 

[0084] The schematic configuration figure of an optical system shown in FIG. 1 shows a so-called 
limitless optical system where an item point is positioned at a limitless far location, wherein the optical 
element 1 for correcting a chromatic aberration is arranged between a light source such as a 
semiconductor laser or the like (not shown) and an objective 2. The optical element 1 for correcting a 
chromatic aberration is comprised of two lenses in one group, wherein a convex lens lapositioned at 
the light source side and a concave lens; 1b positioned at a side of the objective 2 are adhered to each 
other. Then, the convex lens 1a is made of optical material having a low dispersion with an Abbe 
number at the d-iine being 55 or more and the concave lens 1b is made of optical material having a 
high dispersion with an Abbe number at the d-line being 35 or less. With such an arrangement as 
above, a negative refraction force is provided by a refraction at an adhered plane between the convex 
lens 1a and the concave lens 1b and a refraction at a radiated plane (an opposing plane with the 
objective 2) of the concave lens 1b, a high chromatic aberration is produced when a wavelength of the 
light source is varied. The chromatic aberration generated in this case has a polarity opposite to that of 
the chromatic aberration mainly generated with a positive refraction force of the objective, the 
chromatic aberration is cancelled when a focal point is attained and the chromatic aberration in an 
entire optical system can be well corrected within a range of variation of wavelength of the light source. 
[0085] FIG. 2 is a schematic configuration view for showing an optical system in which an optical 

. element 1 for correcting a chromatic aberration is removed from the schematic configuration view of an 
optical system in FIG. 1. In the case that the light source is a semiconductor laser, for example, a 
variation in wavelength of the light source shows a mode hopping in which a central wavelength 
abruptly flies by about several nm due to a wavelength width of about several nm and a variation in 

■ temperature generated when a high frequency overlapping is applied to a drive current of the 
semiconductor laser. In particular, in the case that the semiconductor laser has a short wavelength of 
about 440 nm or 440 nm or less, a usual lens having no correction of chromatic aberration shows a 
high variation in refractive index in respect to a minute variation in wavelength and there is a possibility 
that non-allowable chromatic aberration is generated. In addition, since a depth of focus is also low, a 
slight defocusing generated under a chromatic aberration becomes highly a problem against the optical 
recording medium 3 which is apt to attain a high density and high capacity. In the schematic 
configuration view for showing the optical system in FIG. 2, if the wavelength of the light source is 
displaced in such a direction as one in which it is elongated, a focal distance of the objective 2 is 
increased and at the same time a defocused state (out of a depth of focus) occurs at an information 
recording surface 3a of the optical recording medium 3, resulting in that a diameter of converging spot 
at the information recording surface 3a is increased to cause a high quality recording and reproducing 
of information to become difficult. 

[0086] In the schematic configuration view of the optical system shown in FIG. 2, a distribution of point 
image intensity in the case of no variation in wavelength is shown in FIG. 5 and a distribution of point 
image intensity in the case of variation in wavelength of +5 nm is shown in FIG. 6. 
[0087] As shown in FIG. 5, an intensity in the intensity distribution of point image is expressed with 
Strehl values in which an ideal image focusing state is standardized at 100%, wherein a criterion - 
(uneven surface aberration of 0.07 rms [lambda]) of Marechal which is a lower limit of a superior image 
reached an optical diffraction limit approximately corresponds to 80%. However, in the optical system . 
shown in FIG. . 2 in which the optical element 1 for correcting a chromatic aberration is removed from 
the schematic configuration view of the optical system shown in FIG. 1 , it is apparent that a center of 
the distribution of the point image intensity is 77% lower than 80%, as shown in FIG. 6, when a 
variation in wavelength is +5 nm and a sufficient converging spot may not be attained. 
[0088] FIG. 7 is a graph for showing a variation of, Strehl values when a wavelength is changed from - 
10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 650 nm and a 
chromatic aberration is not corrected, a case in which a wavelength is 440 nm and a chromatic 
aberration is not corrected and a case in which a wavelength is 440 nm and a chromatic aberration is 
corrected, respectively. As apparent from FIG. 7, it is apparent that if the wavelength is 650 nm, a 
correction of chromatic aberration is not required even if the wavelength is changed from -10 nm to +10 
nm against the central wavelength, and to the contrary, when the wavelength is 440 nm, no correction 
of chromatic aberration causes a Strehl value to become 80% or less under a variation of +-5 nm or 
more and then the chromatic aberration is required to be corrected. Then, it is apparent in the 
schematic configuration view for showing the optical system having the optical element 1 for correcting 
the chromatic aberration shown in FIG. 1 that a center of the distribution of point image intensity is 99% 
higher than 80% and it reaches sufficiently to a diffraction limit without producing any defocusing state 
as apparent from FIG. 8 for indicating the distribution of point image intensity when the variation in 
wavelength is +5 nm. 

[0089] The chromatic aberration of the objective 2 of a single lens as shown in FIG. 2 is deteriorated as 
a wavelength is shorter as described above, as a value of NA is higher, as a focal distance is longer or 
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as an Abbe number of the optical material constituting the objective 2 is smaller. 
[0090] Accordingly, in reference to interface values of optical dimensions indicated in the schematic 
configuration view of FIG. 1, the objective 2 of a single lens having a light source with a wavelength 
being 440 nm or less, with a value of NA being 0.55 or more, with a focal distance being 1 .8 mm and 
with an Abbe number at the d-line being 95.0 or less may generate a high chromatic aberration which 
can not be allowed. That is, as shown in the schematic configuration view of the optical system of FIG. 
1, it is apparent that it is necessary to correct a chromatic aberration under application of the optical 
element 1 for correcting chromatic aberration. 

[0091] Referring next to FIG. 9 of a schematic configuration of the optical system, there will be 
described an example in which a wavelength of a light source is 440 nm or less, an objective 2 is 
composed of two lenses with NA being 0.70 or more, a focal distance being 1 .4 mm or more and an 
Abbe number at the d-line being 95.0 or less, an optical element 1 for correcting a chromatic aberration 
of the present invention is arranged between the light source and the objective 2. In addition, in Tables 
3 and 4 a re indicated design values at a wavelength of 440 nm in the optical system in the schematic- 
configuratibrTfigufe of the optical system shown in FIG. 9 and at a wavelength of 650 nm in which the 
optical element 1 for correcting a chromatic aberration is-not used, and a spherical aberration is shown 
in FIG. 11 A, an astigmatism is shown in FIG. 11B, an aberration of distortion is shown in FIG. 11C, a • 
lateral aberration at an image angle of 0.5[deg.] is shown in FIG. 12A and a lateral aberration on an 
axis is shown in FIG. 12B, respectively. In addition, as shown in FIG. 9', a reason why the objective 2 is 
composed of two lenses consists in the fact that it is quite hard to realize the objective 2 of a single lens 
with NA being 0.70 or higher in view of machining the lens. 

[0092] The schematic configuration view of an optical system shown in FiG. 9 shows a so-called 
limitless optical system where an item point is positioned at a limitless far location, wherein the optical 
element 1 for correcting a chromatic aberration is arranged between a light source such as a 
semiconductor laser or the like (not shown) and an objective 2. The optical element 1 for correcting a 
chromatic aberration is comprised of two lenses in one group, wherein a convex lens 1a positioned at a 
side of the light source and a concave lens 1b positioned at a side of the objective 2 are adhered to 
each other. Then, the convex lens 1a is made of optical material having^ a low dispersion with an- Abbe 
number at the d-line being 55 or more and the concave lens 1b is made of optical material having a 
high dispersion with an Abbe number at the d-line being 35 or less. With such an arrangement as 
above, a negative refraction force is provided by a refraction at an adhered plane between the convex 
lens 1a and the concave lens 1b and a refraction at a radiated plane (an opposing plane with the 
objective 2) of the concave lens 1b, resulting in that a high chromatic aberration is produced when a 
wavelength of the light source is varied. The chromatic aberration generated in this case has a polarity 
opposite to that of the chromatic aberration mainly generated with a positive refraction force of the 
objective 2, the chromatic aberration is cancelled when a focal point is attained and the chromatic 
aberration in an entire optical system can be well corrected within a range of variation of wavelength of 
the light source. 

[0093] FIG. 10 is a schematic configuration view for showing an optical system in which an optical 
element 1 for correcting a chromatic aberration is removed from the schematic configuration view of an 
optical system in FIG. 9. In addition, in the schematic configuration view for showing an optical system 
shown in FIG. 10, a distribution of point image intensity under no variation of wavelength is shown in 
FIG. 13 and a distribution of point image intensity under a variation of wavelength of +5 nm is shown in 
FIG. 14. 

[0094] As apparent from FIG. 14, it is apparent that when the variation in wavelength is +5 nm, the 
center of the distribution of point image intensity is 76% smaller than 80% and then a chromatic 
aberration is required to be corrected. In addition, FIG. 16 is a graph for showing a variation of Strehl 
values when a wavelength is changed from -10 nm to +10 nm in respect to a central wavelength for a 
case in which a wavelength is 650 nm and a chromatic aberration is not corrected, a case in which a 
wavelength is 440 nm and a chromatic aberration is not corrected and a case in which a wavelength is 
440 nm and a chromatic aberration is corrected, respectively. 

[0095] As apparent from FIG. 16, it is apparent that if the wavelength is 650 nm, a correction of 
chromatic aberration is not required even if the wavelength is changed from -10 nm to +10 nm against 
the central wavelength, and to the contrary, when the wavelength is 440 nm, no correction of chromatic 
aberration causes a variation of +-5 nm or more to be 80% or less and then the chromatic aberration is 
required to be corrected. 

[0096] Then, it is apparent in the schematic configuration view for showing the optical system having 
the optical element 1 for correcting the chromatic aberration of the present invention arranged between 
the light source and the objective shown in FIG. 9 that a center of the distribution of point image 
intensity is 99% higher than 80% and it reaches sufficiently to a diffraction limit without producing any 
defocusing state as apparent from FIG. 15 for indicating the distribution of point image intensity when 
the variation in wavelength is +5 nm. 

[0097] As shown in FIG. 10, the chromatic aberration of the objective 2 composed of two lenses is 
deteriorated as a wavelength is shorter, as a value of NA is larger, as a focal distance is longer or as an 
Abbe number of the optical material constituting the objective 2 is smaller. Accordingly, in reference to 
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interface values of optical dimensions indicated in the schematic configuration view of FIG. 9, the 
objective 2 composed of two lenses having a light source with a wavelength being 440 nm or less, with 
a value of NA being 0.70 or more, with a focal distance being 1.4 mm and with an Abbe number at the 
d-line being 95.0 or less may generate a high chromatic aberration which can not be allowed. That is, 
as shown in the schematic configuration view of the optical system of FIG. 9, it is apparent that it is 
necessary to correct a chromatic aberration under application of the optical element 1 for correcting 
chromatic aberration. 

[0098] In the schematic configuration view of the optical system shown in FIG. 9, there has been 
illustrated the example of the configuration of the optical element 1 for correcting the chromatic 
aberration in which two lenses in one group are adhered from each other. However, it may also be 
applicable that as shown in the schematic configuration view of the optical system shown in FIG. 17, it 
may be composed of one or more lenses, the lenses are not adhered from each other and installed in 
spaced-apart relation. In Tables 5 and 6 are indicated design values at a wavelength of 410 nm in the 
optical system in the schematic configuration view of the optical system shown in FIG. 17 and at a 
wavelength of 650 nm in which the optical element 1 for correcting a chromatic aberration is not used, 
and a spherical aberration is shown in FIG. 18A, an astigmatism is shown in FIG. 18B, an aberration of 
distortion is shown in FIG. 18C, a lateral aberration at an image angle of 0.5[deg.] is shown in FIG. 19A 
and a lateral aberration on an axis is shown in FIG. 19B, respectively. 

[0099] In the schematic configuration view of the optical system having the optical elementl for 
correcting chromatic aberration of the present invention shown in FIG. 17, the distribution of point 
image intensity when a variation in wavelength is +5 nm is shown in FIG. 20. in addition, in FIG. 21 is 
shown an intensity distribution of point image when a variation in wavelength is +5 nm in an optical 
system in which an optical element 1 for correcting a chromatic aberration is removed from the 
schematic configuration view of the optical system of FIG. 17. 

[01 00] Also as apparent from FIG. 20, irrespective of application of the light source of short wavelength 
of 440 nm or less, occurrence of the chromatic aberration is restricted even if a variation in wavelength 
of +5 nm occurs and there is provided a superior optical property. That is, it is apparent that application 
of optical material with an Abbe number of 55 or more and optica! material with an Abbe number of 35 
or less in the optical element 1 for correcting a chromatic aberration causes the chromatic aberration 
generated at the objective 2 to be well corrected. To the contrary, as apparent from FIG. 21, in the case 
of the optical system in which an optical element 1 for correcting a chromatic aberration is removed 
from the schematic configuration view of the optical system of FIG. 17, it is apparent that a center of the 
distribution of point image intensity at the information recording surface 3a is 6% smaller than 80% and 
a sufficient converging spot may not be attained. 

[0101] In addition, FIG. 22 is a graph for showing a variation of Strehl values when a wavelength is 
changed from -10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 
650 nm and a chromatic aberration is not corrected, a case in which a wavelength is 410 nm and a 
chromatic aberration is not corrected and a case in which a wavelength is 410 nm and a chromatic 
aberration is corrected, respectively. As apparent from FIG. 22, it is apparent that when the wavelength 
is 650 nm, a correction of the chromatic aberration is not required, when the wavelength is 410 nm, no 
correction of the chromatic aberration causes the Strehl value to be less than 80% under a variation of 
+-5 nm or more and then the chromatic aberration is required to be corrected. 

[0102] It is possible that the aforesaid optical element 1 for correcting a chromatic aberration may act 
as a collimator lens for use in converting a radiation light from the light source into a parallel light and in 
this case, it is possible to constitute the optical pick-up device for correcting the chromatic aberration 
without increasing the number of component parts. 

[0103] To the contrary, the position where the optical element Vfor correcting a chromatic aberration is 
not limited to a parallel flux of light, but it may be in a dispersed light or a converging light, as well. In 
this case, as shown in the schematic configuration view of the optical system of FIG. 23, a similar effect 
can be attained if the optical element 1 for correcting a chromatic aberration composed of more than 
one lenses and also acting as a collimator lens is arranged in the dispersion light. In Tables 7 and 8 are 
indicated design values at a wavelength of 440 nm in the optical system in the schematic configuration 
view of the optical system shown in FIG. 23 and at a wavelength of 650 nm in which the optical element 
1 for correcting a chromatic aberration is not used, and a spherical aberration is shown in FIG. 24A, an 
astigmatism is shown in FIG. 24B, an aberration of distortion is shown in FIG. 24C, a lateral aberration 
at an image angle of 0.5[deg.] is shown in FIG. 25A and a lateral aberration on an axis is shown in FIG. 
25B, respectively. 

[0104] In the schematic configuration view of the optical system in which an optical element 1 for 
correcting a chromatic aberration shown in FIG. 23, an intensity distribution of point image when a 
variation in wavelength is +5 nm is shown in FIG. 26. In FIG. 27 is shown an intensity distribution of 
point image when a variation in wavelength is +5 nm in the schematic configuration view of the optical 
system in which an optical element 1 for correcting a chromatic aberration is removed from the 
schematic configuration view of the optical system of FIG. 23. 

[0105] Also as apparent from FIG. 26, irrespective of application of the light source of short wavelength 
of 440 nm or less in this optical system, a center of the distribution of the point image intensity is 89% 
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higher than 80% even if a variation in wavelength of +5 nm occurs, occurrence of chromatic aberration 
is restricted, resulting in that a superior optical property is provided. That is, it is apparent that 
application of optical material with an Abbe number of 55 or more and optical material with an Abbe 
number of 35 or less in the optical element 1 for correcting a chromatic aberration causes the chromatic 
aberration generated at the objective 2 to be well corrected. To the contrary, as apparent from FIG. 27, 
it is apparent that a center of the distribution of point image intensity at the information recording 
surface 3a is 79% smaller than 80% due to occurrence of chromatic aberration at the objective 2 and - 
defocusing and a sufficient converging spot may not be attained. 

[0106] In addition, FIG. 28 is a graph for showing a variation of Strehl values when a wavelength is 
changed from -10 nm to +10 nm in respect to a central wavelength for a case in which a wavelength is 
650 nm and a chromatic aberration is not corrected, a case in which a wavelength is 440 nm and a 
chromatic aberration is not corrected and a case in which a wavelength is 440 nm arid a chromatic 
aberration is corrected, respectively. As apparent from FIG. 28, it is apparent that in the case of 
wavelength of 650 nm or less, no correction of the chromatic aberration is required and to the contrary, 
in the case of wavelength of 440 nm, no correction of the chromatic aberration causes the Strehl value 
to become 80% or less under a variation of +-5 nm or more and the chromatic aberration is required to 
be corrected. 

[0107] Next, referring to FIG. 29, the optical pick-up device provided with the optical element 1 for 
correcting a chromatic aberration of the present invention shown in FIGS. 1,9,17 and 23 will be 
described. In FIG. 29 is illustrated an example in which the optical element 1 for correcting a chromatic 
aberration shown in the schematic configuration view of the optical system of FIG. 9 as a 
representative one and the objective 2 are used. However, it is of course apparent that the optical 
element 1 for correcting a chromatic aberration shown in the schematic configuration view of FIGS. 1, 
17 and 23 and the objective 2 may be used. 

[0108] A linear deflecting beam with a wavelength. of 440 nm is radiated from a light source (not shown) 
constituting the optical pick-up device, for example, a semiconductor laser or the like and diffracted at a 
diffraction grid (not shown), the beam is divided into a 0-th light and +-primary light, for example, these 
lights are converted into parallel lights through the collimator lens (not shown). The linear deflecting 
beam converted into the parallel light passes through a deflecting beam splitter 4, the linear deflecting 
beam is converted into a circular deflected beam at a [1/4] wavelength plate 5 and this beam may pass 
through the optical element 1 for correcting a chromatic aberration. At this time, in the case that a 
variation in wavelength is produced at the linear deflecting beam with a wavelength of 440 nm radiated 
from the semiconductor laser, a chromatic aberration having a polarity opposite to that of a chromatic 
aberration generated with a positive refraction force of the objective 2 is produced at the optical 
element 1 for correcting a chromatic aberration, resulting in that a chromatic aberration at the 
converging spot radiated against the information recording surface 3a is cancelled. The circular 
deflected beam passed through the optical element 1 for correcting a chromatic aberration is 
converged into the signal recording surface 3a of the optical recording medium 3 through the objective 
2. 

[0109] The circular deflected beam radiated against the information recording surface 3a of the optical 
recording medium 3 may pass through the objective 2 and the optical element 1 for correcting a 
chromatic aberration and is converted into a linear deflected beam with its deflecting direction being 
turned by 90[deg.] against the going linear deflected beam at the [1/4] wavelength plate 5. The linear 
deflected beam with its deflecting direction being turned by 90[deg.] in respect to the going linear 
deflected beam is reflected by the deflected beam splitter 4, it may pass through a focusing lens 6 and 
a multi-flex lens 7 and is collected at an optical sensor 8. This optical sensor 8 has a plurality of divided 
light receiving elements, a calculating processing is carried out in response to an amount of light of the 
0-th light and the +- primary light radiated against the plurality of divided light receiving elements so as 
to detect a focusing error signal, a tracking error signal and an RF signal or the like. The objective 2 is 
installed at the double-axis actuator for controlling and driving the objective 2 in a focusing direction 
and a tracking direction, respectively, wherein the feed-back servo such as a focusing servo and a 
tracking servo is carried out by the control signal based on the focusing error signal and the tracking 
error signal described above. 

[01 10] The optical pick-up device provided with the aforesaid optical element 1 for correcting a 
chromatic aberration may perform a sufficient correction of the chromatic aberration even under a high 
frequency overlapping with the light source of short wavelength of about 440 nm or 440 nm or less and 
also perform a sufficient correction of a chromatic aberration even if the mode hopping is produced, so 
that it is possible to adapt for a high recording density and high capacity of the optical recording 
medium 3. 

[0111] Then, referring to FIG. 30 representing to show the schematic configuration of the optical 
recording and reproducing device, the optical reproducing device provided with the aforesaid optical 
pick-up device and the optical recording and reproducing device will be described as follows. 
[01 12] The optical recording and reproducing device is generally comprised of a spindle motor 10, a 
feeding motor 12 and an optical pick-up device 9 or the like, wherein these devices are controlled by a 
system controller 14 for use in controlling an entire optical recording and reproducing device. Then, 
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motion of the optical pick-up device toward the tracking direction is carried out by a controlling and 
driving means composed of a guiding mechanism (not shown) and the feeding motor 12 constituted by 
a linear motor or the like. For example, in the case that the optical recording medium 3 held at the 
spindle motor 10 is to be reproduced, a control signal from the system .controller 14 is supplied to a 
servo control circuit 13 and a modulation/demodulation circuit 1 1. At the servo control circuit 13 to 
which the control signal is supplied, the spindle motor 10 is rotated at the number of rotation set under 
a focusing drawing state and at the same time, the feeding motor 12 is driven and the optical pick-up - 
device 9 is moved to the inner circumferential side of the optical recording medium 3, for example. At 
the optical pick-up device 9 moved to the inner circumferential side of the optical recording medium 3, 
the focusing servo is applied under a focusing search operation and after this operation, the tracking 
servo is applied. 

[01 1 3] The focusing error signal, the tracking error signal detected by the optical sensor constituting the 
optical pick-up device 9 and information about a position of what location of the optical recording 
medium 3 is read out are supplied to the modulation/demodulation circuit 11. The focusing error signal 
and the tracking error signal in these signals are processed through filtering and then supplied to the 
servo control circuit 13 through a system controller 14 as a focusing control signal and a tracking 
control signal. The servo control circuit 13 drives a focusing coil of the double-axis actuator, for 
example, constituting the optical pick-up device 9 with the focusing control signal, and then drives a 
tracking coil of the double-axis actuator constituting the optical pickup device 9 with a tracking control 
signal. A low range component of the tracking control signal is supplied to the servo control circuit 13 
through the system controller 14 to drive the feeding motor 12. With such an arrangement as above, 
the feed-back servo such as the focusing servo, the tracking servo and the feeding servo are carried 
out. In addition, information about a position on what location of the optical recording medium 3 is read 
out is processed by the, modulation/demodulation circuit 11, supplied to the spindle motor 10 as the 
spindle control signal, it is controlled and driven at a predetermined number of rotation corresponding to 
the reproducing position of the optical recording medium 3 held by the spindle motor 10 and a practical 
reproducing operation is carried out from this position. Then, the reproduced data processed and 
demodulated by the modulating/demodulating circuit 11 is transmitted to the external system through 
the external circuit 15. 

[0114] In the case that the external data supplied from the external system, for example, is recorded in 
the optical recording medium 3 held by the spindle motor 10, a similar process for the reproducing 
operation is carried out until the feed-back servo such as the focusing servo, the tracking servo and the 
feeding servo are performed. From the system controller 14 is supplied a control signal for recording an 
input data inputted through the external circuit 15 in what location of the optical recording medium 3 to 
the servo. control circuit 13 and the modulating/demodulating circuit 11. At the servo control circuit 13, 
the spindle motor 10 is controlled to a predetermined number of rotation, the feeding motor 12 is driven 
and then the optical pick-up device 9 is moved to the information recording position. In addition, the 
input signal inputted to the modulating/demodulating circuit 1 1 is modulated in response to a recording 
format at the modulating/demodulating circuit 1 1 and then it is supplied to the optical pick-up device 9. 
At the optical pick-up device 9, the modulation of the radiated light based on the modulating signal and 
the radiated light power based on the information recording position are controlled and then radiated 
against the optical recording medium 3 and the recording for the optical recording medium 3 is started, 
in addition, in the case of a so-called CAV (Constant Angular Velocity) disc in which the optical 
recording medium 3 is recorded and reproduced under a constant number of rotation, information about 
a position on what location of the optical recording medium 3 is being read out is not required and the 
spindle motor 10 is controlled to have a specified number of. rotation. 

[0115] If the optical element 1 for correcting a chromatic aberration of the present invention is 
constructed to have the exclusive optical reproducing device and the optical recording and reproducing 
device capable of performing both recording and reproducing operations, a chromatic aberration 
generated by the mode hopping at the light source or an overlapping of high frequency of the 
semiconductor laser acting as a light source, in particular, a chromatic aberration generated when a 
short wavelength of about 440 nm or 440 nm or less is applied in the light source can be effectively 
corrected and the present invention can be adapted for a far higher density and high capacity of the 
optical recording medium 3. 

[0116] In accordance with the optical element for correcting a chromatic aberration of the present 
invention, it is possible to perform a sufficient correction of the chromatic aberration mainly generated 
at the objective in the case that the light source of short wavelength of 440 nm or less is applied. Then, 
since the optical pick-up device constituting an optical system by the optical element for correcting the 
chromatic aberration and the light source of short wavelength, an optical reproducing device provided 
with the optical pick-up device and the optical recording and reproducing device may have a sufficient 
correction of the chromatic aberration, the present invention can adapt for a further higher recording 
density and larger capacity of the optical recording medium. 

TABLE 1 

Wave length [lambda] = 440 nm 
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NA/Focal distance/Entrance pupil[phi] of objectiveAxialRefractive indexRefractive 
(0.55/1.8 mm/1.98 mm)clearanceND/Aberration numberindex N at 
' SurfaceRadius of curvature (mm)(mm)vd at a line d440 nm 
OBJ[infinity][infinity] 
STO[infinity]0.0 

S1R: 6.58C: 0.02.01.5168/64.171.526269 
K: O.OD: 0.0 
A: 0.0E: 0.0 
B: 0.0F: 0.0 

S2R: -9.68034C: 0.01.61.75520/27.58 1.789557 
K: 0.0D: 0.0 
A: 0.0E: 0.0 
B: 0.0F: 0.0 
^ S3R: 12. OC: 0.03.0 
K: O.OD: 0.0 
A: O.OE: 0.0 
B: 0.0F: 0.0 . 

S4R: 1.02246C: -.104969E-21.1 1 .438750/95.0 1.443854 

K: -0.700344D: -.713744E-3 

A: 0.521041E-2E: 0.0 

B: -.160629E-2F: 0.0 

S5R: -2.44588C: 0.195359E-10.0 

K: O.OD: -445800E-2 

A: 0.917902E-1E: 0.0 

B; -.439814E-1F: 0.0 

S6[infinity]0.0 

S7[infinity]0.0 

S8[infinity]0.0 

S9[infinity] 0.811592 

S10[infinity]0.61. 5168/64. 171. 526269 

S11[infinity]0.0 

IMG[infinity]0.0 

Nonspherical surface equation 

[mathematical formula - see original document] 

X: Depth from an apex of surface 

Y: Height from an optical axis 

R: Proximal axis R 

K: Circular cone constant 

TABLE 3 

Wave length [lambda] = 440 nm 
" NA/Focal distance/Entrance pupil[phi] of objectiveAxialRefractive indexRefractive 

(0,7/1 .4 mm/1 .96 mm)clearanceND/Aberration numberindex N at 
. SurfaceRadius of curvature (mm)(mm)vd at a line d440 nm 

OBJ[infinity][infinity] 

STO[infinity]0.0 

S1R: 6.58C: 0.02.01.5168/64.171.526269 
K: 0.0D: 0.0 
A: O.OE: 0.0 
B: 0.0F: 0.0 

S2R: -9.68066C: 0.01 .61 .75520/27.58 1 .789557 

K: O.OD: 0.0 

A: O.OE: 0.0 

B: 0.0F: 0.0 . 

S3R: 12. OC: 0.03.0 

K: O.OD: 0.0 

A: O.OE: 0.0 

B: 0.0F: 0.0 

S4R: 1.13382C: -.629383E-3 1.0477441.438750/95.0 1.443854 

K: -0.40865D: -.394777E-2 

A: -.220593E-1E: 0.0 

B: -.133861 E-1F. 0.0 

S5R: -8.82788C: -.109225E-30.2 

K: O.OD: 0.168193E-2 

A: -.155426E-1E: 0.0 

B: -.155166E-1F: 0.0 
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S6R: 0.97559C: -.641 939E-1 1 .01 .438750/95.0 1.443854 

K: -0.377658D: 0.0 

A: 0.473800E-1E: 0.0 

B: 0.436903E-1F: 0.0 

S7[infinity]0.0 

S8[infinity]0.0 

S9[infinity] 0.124481 

S10[infinity]0.1 1.5168/64.171.526269 

S11[infinity]0.0 

IMG[infinity]0.0 " - ■ ^ 

Nonspherical surface equation 

[mathematical formula - see original document] 

X: Depth from an apex of surface 

Y: Height from an optical axis 

R: Proximal axis R 

K: Circular cone constant 

TABLE 5 

Wave length [lambda] = 410 nm 

NA/Focal distance/Entrance pupil[phi] of objectiveAxialRefractive indexRefractive 
(0.85/1.765 mm/3.0 mm)clearanceND/Aberr~ation numberindex N at 
SurfaceRadius of curvature (mm)(mm)vd at a line d410 nm 
OBJ[infinity][infinity] 
STO[infinity]0.0 

S1R: 7.4C: 0.01.21.5168/64.171.529569 
K: 0.0D: 0.0 
A:0.0E:0.0 
B: 0.0F: 0.0 

S2R: -12.40435C: 0.01.01.75520/27.58 1.803040 

K: 0.0D: 0.0 

A: 0.0E: 0.0 

B: 0.0F: 0.0 

S3R: [infinityJC: 0.01.0 

K: 0.0D: 0.0 

A: 0.0E: 0.0 

B: 0.0F: 0.0 

S4R: [infinityJC: 0.01.01.75520/27.58 1.803040 
K: 0.0D: 0.0 
A: 0.0E: 0.0 
B: 0.0F: 0.0 

S5R: 13.24032C: 0:03.0 
K: 0.0D: 0.0 
A: 0.0E: 0.0 
B: 0.0F: 0.0 

S6R: 1.6273C: 0.749875E-4 1.5645621.4955/81.6 1.504869 

K: -0.50566D: -.204775E-3 

A: -.207368E-2E: 0.0 

B: -.999092E-3F: 0.0 

S7R: 89.45684C: -.332978E-2 0.34768 

K: 0.0D: 0.921202E-3 

A: -291281 E-2E: 0.0 

B: 0.459860E-2F: 0.0 

S8R: 1.30215C: 0.206089E-3 1.2826551.58913/61.3 1.604471 

K: -0.503781 D: 0.0 

A: 0.193338E-1E: 0.0 

B: 0.120697E-1F: 0.0 

S9[infinity] 0.134216 

S10[infinity]0.1 1.5168/64.171.529569 

S11[infinity]0.0 

IMG[infinity]0.0 

Nonspherical surface equation 

[mathematical formula - see original document] 

X: Depth from an apex of surface 

Y: Height from an optical axis 

R: Proximal axis R 

K: Circular cone constant 
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TABLE 7 

Wave length [lambda] = 440 nm 

NA/Focal distance/Entrance pupil[phi] of objectiveAxialRefractive indexRefractive 

(0.55/-1.8 mm/1.98 mm)clearanceND/Aberration numberindex N at 

SurfaceRadius of curvature (mm)(mm)vd at a line d440 nm 

OBJ[infinity]20.0 

STO[infinity]0.0 

S1 R: -5.23663C: 0.01 .01 .78472/25.71 1 .823295 
K: 0.0D: 0.0 
A: 0.0E: 0.0 
B:0.0F;0.0 

S2R: -9.47002C: 0.00.1 
K: 0.0D: 0.0 
A: 0.0E: 0.0 
B: 0.0F: 0.0 

S3R: 20.358C: 0.01.81.62004/36.261.641035 
K: 0.0D: 0.0 
A: 0.0E: 0.0 
B: 0.0F: 0.0 

S4R: 4. 921C: 0.02.5 1.5168/64,171.526269 

K: 0.0D: 0.0 

A: 0.0E: 0.0 

B: 0.0F: 0.0 

S5R: -7. 021C: 0.03.0 

K: 0.0D: 0.0 

A: 0.0E: 0.0 

B: 0.0F: 0.0 

S6R: 1.022246C: -.104969E-21.1 1.438750/95.0 1.443854 

K: -0.700344D: -.204775E-3 

A: -0.521 041 E-2E: 0.0 - 

B: -.160629E-2F; 0.0 

S7R: -2.44588C: 0.195359E-10.0 

K: 0.0D: -445800E-2 

A: 0.917902E-1E: 0.0 * 
B: -.43981E-1F: 0.0 

S8[infinity]0.0 ' ' 

S9[infinity]0.811592 

S10[infinity]0.6 1.5168/64.171.526269 

S11[infinity]0.0 

IMG[infinity]0.0 

Nonspherical surface equation 

[mathematical formula - see original document] 

X: Depth from an apex of surface 

Y: Height from an optical axis 

R: Proximal axis R 

K: Circular cone constant 
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Claims 

What is claimed is: 

[01 17] 1. An optical element for correcting chromatic aberration arranged between a light source with a 
wavelength being 440 nm or less and an objective with a numerical aperture NA being 0.55 or more, 
with a focal distance being 1 .8 mm or more and with an Abbe number at a d-line being 95.0 or 
less.wherein said optical element for correcting chromatic aberration has a convex lens with at least an 
Abbe number at the d-line being 55 or more and a concave lens with an Abbe number at the d-line 
being 35 or less. 

[01.18] 2. An optical element for correcting chromatic aberration arranged between a light source with a 
wavelength being 440 nm or less and an objective composed of two lenses with numerical aperture NA 
being 0.70 or more, with a focal distance being 1.4 mm or more and with an Abbe number at a d-line 
being 95.0 or less.wherein said optical element for correcting chromatic aberration has a convex lens 
with at least an Abbe number of the d-line being 55 or more and a concave lens with an Abbe number 
at the d-line being 35 or less. 

[01 19] 3. An optical pick-up device comprising:a light source with at least a wavelength being 440 nm 
or less; an objective with numerical aperture NA being 0.55 or more, a . focal distance being 1.8 mm or 
more and an Abbe number at a d-line being 95.0 or less; and an optical element for correcting a 
chromatic aberration arranged between said light source and said objective, wherein said optical 
element for correcting a chromatic aberration has a convex lens with at least an Abbe number at the d- 
line being 55 or more and a concave lens with an Abbe number at the d-line being 35 or less. 

[0120] 4. An optical pick-up device comprising:a light source with at least a wavelength being 440 nm 
or less; an objective composed of two lenses with numerical aperture NA being 0.70 or more, a focal 
distance being 1 .4 mm or more and an Abbe number at a d-line being 95.0 or less; and an optica! 
element for correcting a chromatic aberration arranged between said light source and said objective; 
wherein said optical element for correcting a chromatic aberration has a convex lens with at least an 
Abbe number at the d-line being 55 or more and a concave lens with an Abbe number at the d-line 
being 35 or less. 

[0121] 5. The optical pick-up device according to claim 3 or claim 4, wherein:said optical element for 
correcting a chromatic aberration is a collimator lens for converting a radiated light radiated from said 
light source into a parallel light. 

[0122] 6. An optical reproducing device comprising:an optical pick-up device including: a light source 
with at least a wavelength being 440 nm or less; an objective for collecting radiated light from said light 
source to an optical recording medium with numerical aperture NA being 0.55 or more, a focal distance 
being 1 .8 mm or more and an Abbe number at a d-line being 95.0 or less; and an optical element for 
correcting a chromatic aberration arranged between said light source and said objective; and a 
controlling and driving means for controlling and driving the optical. pick-up device to a tracking 
direction, wherein said optical element for correcting a chromatic aberration has a convex lens with at 
least an Abbe number at the d-iine being 55 or more and a concave lens with an Abbe number at the d- 
line being 35 or less. 

[0123] 7. An optical reproducing device comprising:an optical pick-up device including: a light source 
with at least a wavelength being 440 nm or less; an objective for collecting radiated light from said 
source to an optical recording medium and composed of two lenses with numerical aperture NA being 
0.70 or more, a focal distance being 1.4 mm or more and an Abbe number at a d-line being 95.0 or 
less; an optical element for correcting a chromatic aberration arranged between said light source and 
said objective; and a controlling and driving means for controlling and driving said optical pick-up 
device to a tracking direction of said optical recording medium; wherein said optical element for 
correcting a chromatic aberration has a convex lens with at least an Abbe number at the d-line being 55 
or more and a concave lens with an Abbe number at the d-line being 35 or less. 

[0124] 8. The optical reproducing device according to claim 6 or claim 7, wherein:said optical element 
for correcting a chromatic aberration is a collimator lens for converting a radiated light radiated from 
said light-source into a parallel light. 

[0125] 9. An optical recording and reproducing device comprising:an optical pick-up device including: a 
light source with at least a wavelength being 440 nm or less; an objective for collecting radiated light 
from said light source with numerical aperture NA being 0.55 or more, a focal distance being 1.8 mm or 
more and an Abbe number at a d-iine being 95.0 or less; and an optical element for correcting a 
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chromatic aberration arranged between said light source and said objective; and a controlling and 
driving means for controlling and driving said optical pick-up device to a tracking direction of said 
optical recording medium; and wherein said optical element for correcting a chromatic aberration has a 
convex lens with at least an Abbe number at the d-line being 55 or more and a concave lens with an 
Abbe number at the d-line being 35 or less. 

[0126] 10. An optical recording and reproducing device comprising;an optical pick-up device including- 
a light source with at least a wavelength being 440 nm or less; an objective for collecting radiated light 
from said light source to an optical recording medium and composed of two lenses with numerical 
aperture NA being 0.70 or more, a focal distance being 1.4 mm or more and an Abbe number at a cl- 
ime being 95.0 or less; and an optical element for correcting a chromatic aberration arranged between 
said light source and said objective; and a controlling and driving means for controlling and driving said 
optical pick-up device to a tracking direction of said optical recording medium; wherein said optical 
element for correcting a chromatic aberration has a convex lens with at least an Abbe number at the cl- 
ime being 55 or more and a concave lens with an Abbe number at the d-line being 35 or less. 

[0127] 11. An optical recording and reproducing device according to claim 9 or claim 10, wherein said 
optical element for correcting a chromatic aberration is a collimator lens for converting a radiated light 
radiated from said light source into a parallel light. 
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[ 0 0 0 9 ] ff5f<iB 1 , 2^« B ^<0fyR«iB 

]Efflft^*-?l2 . feffiUffllEfflTt^*^ ^iaig $ ii ft (i 

jf 1 ^tw^L->-xora(cffiis$H. ms^.tiwm.z 

£-f I) i 5 CClUfiK $ ilX l > ft . Ltztf^ T . Mil >-x 

t^tifzimz-i) o:'%&%£i£k. cx%M<?)m&$m 

[0010] feJKSKi, 3teaB<oa«S5»A A K J: Djfcgs 

*mosiw n at a n ^fft^k-r Sifcujo^t*. 

* LT . -to i; $ off I- ^Xo.lt'SSggt f O^-ffcA f « 
TffisS ( 1 ) X5-Lhtih. 
(Af/f)+An/(n-l)=0 (1) 
;:T, An/(n-l) = (nr -nc )/(nd - 
1 ) = v d . Af =Af F -c fc*s< i;TfrM ( 2 ) fc£ 
4 (flfdL. Vd {±T Afr-c (iCfci: FtftT 

O&j&gBSSt^-fL. n F , nc , rid \±7y^>-fc-y r 
-7^VFI( (486. lnm) . Ci(656. 3 
nm) iiXVdm (587. 6 n m ) tcttf •SStfr 
*) . 

Af f-c =- f /vd ( 2 )- 

[0011] M^yX^sfumiiM^mfcD^tco 
*6*tffifc LT JJ5L^ ( 2 ) a^BJl 

ttth. tti. *tii/yxo.f*Miid = A/ (N 

A) 2 4>*U jfcft#*$lvi<5i:\ $>g>\,MZNAt)<± 

Xfo ft (2 fc*Jfcj£aE£#>h b Kc *) . filR^ dift Tt^^ft 

[0012] *%BJOfeIRHffiIEffl^^(il |?2^ 
Aft OfA 28 1 ft O FyXfiTt&Tih 9 . " d jQ 7 
Wii?5 5Vl±l6&UyXl dfe'T^/^S^S 5JilTO 
GO U >X»«*-fr*rt£f %j&^ft,i Ofr'g"! U * . feJR 
H«i®^KO^-fLAKt LT^-f ^fc^T'^. ttftlx 

ftAKi (4TE3* ( 3 ) T'S?ftS. 
AKi =Ki XAn/(n+l) (3) 
I 0 0 1 3,] 3tt»<0»*3aBHc J: I.^W4iOSifr¥n 
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6 

O^Mt A n4»An>0fct4k. Ki (4HX^ U >XOE 
HxjltenXJEXfo 9 „ * < 3 ) A^AKi >0t=$rft; 
iiiSrfl^JH-ffettfcHi. TE* ( 4 ) T*$iift 18 
2 ft $> ft <^IA 2 8 1 tfcO U yXTitSW feJRUffllE 
ffl^^0^j£SfJr2)K = K2 + K 3 Oj&Jllcift^ 
-ft*A K ¥ A K < 0 b ZiXtfX ^ . 
AK= (K* /V! ) + (K 3 /v 3 ) <0 (4) 

(^/vi'L. K.2 . k 3 <ii»2tfcfc4v^(i2Si«:^)U 
. >X<r>Zti?ticr)m$r1l. v2 , v 3 ti 182tfc*>ftv^ 
10 l^PlftOU^XO^ft^ixOTv^gfc) 

[ooi4] tz*>x\ ^m^—^ffmm^aim 

$ tift ^ o ft oi^ ^ t - a . h b \ mi, m n >j * - h 

<^3t«t:feJtZI6*lliEffl3t^*^S:Eift-f feKH 

^fiffl^R^fid^i-vxosiJT^Ki ^cJt^(ai:^ 

t'A-7-$-^i^X'K = K! +K 3 =0 b 
.ZbtfXZ. K 2 =-K 3 bttb. Ltztf^X. 
( (4 ) *4T123£ ( 5 ) OJ: dt=SrS. 
K2 /V2 <-K 3 /V.3 =K 2 /vs (5) 
[00 15] wCT'Ka >0^^* > fll/^Xh1-ft 

20 b. k 3 <o-r^*>mu-yxr*o. v 2 > V3 tfc 

ft. K 2 <0-t^r*)*>IHIU>Xt-rfti: % K 3 > 

Oi-Kb-hauyXbti:*) . v 2 <v 3 fc=$r*. -«f*> 

X2:fflV\ mo^'"7-&^-rftU>-X{C7tt ^.(f^'JV 
h^'^XSr^^iXti'J: < . fiO^AM 4 0 n mJ^TO 

3tftfc:^»(c^:* sflrfeiRaSi t $^ft£^'ftftO 
V! tv 3 tOffiOHSr±i:-rftC:i:* j a^ U\ 

30 U >X ) (i , ^Mfa6</hT* ft 7 7 ')>#5Wfl u >X 
t *fSt**^:T'* h-y^-yYiivxamw.Xb^W^ 
irfttz i> cotm \>yt>ti ft . £ fig flsT*{±jfc£053flS&fc:it 
LTfeJOUISrfP^Tt U >-XT'*>ft *^BJt^ftfeK 

5 5 J^JLhOU>Xt 3 5mTOl^>-XtOffl^^Sr 
fflV^{4\ ^BJO-feJKMffllEffl^^T'rttftfelR 

40 &Z±b^bZb¥X%h<r>x\ i.{zn^yxx^ 
■f ftfeJRHOffljE^+^tc^r o^t ft . 

[00163 it im 3 <bfMHo*Tt v ^ r ••/ rmm. 

ti. ^ 5 5r< fc tiS^* { 4 4 OnmttTO^Ii , NA*' 
0. 5 5J2Lh. «USffiK3&«l. 8mmOifiodlW 
■•/^•S:#9 5. 0JaTT*4WttU>'Xi:. 
UyXhOStClrlfS^^cfeJlX^iEffl^^i: $r^T 
-rft^f-y^T-/7'5IS-C-S>oT, feiR«»jEffl3t5P 
*^ ^=Sr < i> d ISOT -y ^Sc*^' 5 5 KLLofl 1^ > 
Xb. dtl^77^'3 5M.T<VMl>->Xb£1i-tb 

so ct^wat-r*. 



7 

[0017] m&R4 <nmi<ryyt& f -v9T«, rm.m. 

ti. ^ s: 6r< 1 1 jfe** J 4 4 0 n mlilTOftili , N A# 
0. 7 OULL. 2&*JBl# l 'l • 4mmJil_L§.Odl£<7)T 
•v 9 5.0 JJITT* § 2 tfcw U >- X'TH§j£ $ *Ufc 

I>tT, fyoaMSjEffl^**^ 4-3: < h 1. dS«7 
-j 5 5 tLLOA U>Xt, d T -y ^$Sc# 3 5 

[0018] W*«6<7)^HJ!^S^g(i. ^< t 
l>ifcH# { 4 4 0 n mOT03EjJ?.fc . NAA>'0. 5 5VX 
±, #.*SgSI* i: l. 8mmailOdi«77'<.SA { 9 

•v 777 r^B t , f 7 T -y 7HBS: h y -y * V 

COT y ^ft# 5 5 MJiCOau yXt . d tgcOT* -y <gSt# 

3 sviTnmvyxtz^hztwmt-rh. 
[0019] mw7<n$m<wm£&mi.. ^<t 

kifcft#4 4 0 n miiTF^Mi: . N A A J 0 . 7 0 lil 

5 . 0 JiiTT'^> * 2 8w> u > xvmfc zttfimiuyx 

ftW^fc^Wa^t-y^T-yTKIIfc, *^-y 

^S^**. ^< 1 1 dBcr>T -y<m^ 5 5 iiLt^au 
yXt. d HOT -y *qft# 3 5m : CDWUyXtZG-f 

&ztwmti-&. 

[0020] lf*JI9c7)^Bjc7)^fei*H^S(±. 4*Sr 
<tt)»«* J 4 4 0nmtlT<«)St« NA**0. 5 5 
ULh . £u£EK#< 1.8mm £JLLi.o d T -y 

95. ovxYTfohftrnvyxt. jtrntn^vxt 

t -y ? T -y Xmm. t . ft^t 7^777^1$: b 5 -y * 

vy-Kfo izmmmmT h vmmm&s. t s *k» 

t d|g<7)T-y^f&#5 SJiLL^flU^Xi:. diH<7)T-y 

-^»#3 5Vir<^mv>xt z^-thzt&nmt-t 
4. 

[002 1 ] tt$g 1 0O?SBj^f£#aB£||Sli, 4- 
2r< 1 t jfcfta*4 4 0 n mVXTCOftMt . NA#0 . 7 
OliLL. ^SBEStaU . 4mmJiLhfiOd^(7)r.y^ 
** 9 5.0 JilTT* S2tt«l/ >XTUMt S *ufc*flfc U 

jEffl^S^t5r*-r&^t-y^r-yr^Si:. ±¥ 
VyfT-y £ t- 7 -y * ^^[flltcSHWBIW h U 
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«Effl3t**^**. ^ : 5r< 1 1 d ^ct)T -y^»3&«5 5 J31 
±«73flk^Xi:, dlgOT'y^fBc^S 5\^T<rmu>X 

[0022] IMLtz^mzX z>ima^TaTiz=i 

ixtf, fz b z.ti%M<7)dpfc%L-g:rf 4 4 0 n mmTTfS; n 

10 {k(C,t HM^Snmgftt-H*-/ fy/Uci: 
L-T t> » -feiRSSr+^-^«iE-f-|>^t*>TI«gt=S:-|.. 4 

set iffirsrc* o . ^t- 7 ;77 ymm z mm.-t h 

. *«^**fllN-43t*t:-y ^T-y T^BTIi, mi4 4 
0nm*S^(i4 4 0nm-OT^)jfe^3tiS$-ffl^Tt> 
20 feJDa&&*4t&***rjr<. <r«3fc^fv?T-yr£!S£ 

[0023] 

[ ftammmnrnm ] *&wii . c d ^tft* $ <x « r 

o MS316x ffl^-fbr x ^e^f a^f 
(Cft* $ *l 4 R A MW±T J X 7 h h \ ^\t%ti - K^ptO 

$m$L-? hyt&t'>y?T -y rmw. z <^±^ t°-y?r 
m-tizttfiT^i. *&W(7>mMcoBmmt,z^ 

[0024] 4-T i JiaBO*** t 4 4 0 n ra£lTT* 
0. »l/yX2^*NA0. 3T0£71ISrS0gT7 8 

XT* OV Zcr>ftmt~ftmi'~>X2 £-<0Hfc"*f|B|!<7)fe 

40 ^aMtBaafAiBIl Sr#HHL"CKWf-4. ifc. Ell 
{^Lfe»Bfet!?jR««BlK*j»t43fcS'*«0«ft4 4 0 
nm&itf^JRUffiiEfflft^T 1 ! ^fflV^V^6 5 0 n 
mT<7)|gltfflS:SlfcJ:lX^2lc^L. ^c®IRM<i[13 
( a ) , ^JRSiiH3 ( b ) . Mft«K^(±03 
( c ) . ®^0 . 5«T"<0»«lftliEl4 ( a ) . |ft±T" 

cowmm&mA ( b ) tc^-r. 

[0025] 

[*1 J 
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HIPl u > x 


NA/fe *JgJ}| /AA+Ifi 4 (0.55 / 1. 8mm/ t.98mm) 




7&S A = 440 nm 




- ® 


[mm] 


[mm) 


diMLlC i3*t5 
iEtftJPNd / T *? ^&v<j 


440nmTO 

fat iff rfc N 


OBJ 


00 


oo 






STO 


oo 


0.0 






SI 


R : 6.58 c ; 0.0 
k : o.o d ; ox) 
a : o.o e : o.o 

B : 0.0 F ; 0.0 


2.0 


L3168 / 64.17 


1.526269 




R : -9.68034 c ; 0.0 

K ; o.o d ; o.o 
a ; 0,0 e : o.o 
B : o.o f : o.o 


1.0 


1.75520/27.58 


1.789557 


53 


R ; 12.0 c ; o.o 
k ; o.o d ; 0.0 
a : o.o e : o.o 
B : o.o f : o.o 


t n 

J.U 






S4 


R : 1.02246 C : -.I04969E-2 
K : -0.700344 D ; -.713744E-3 

a:oj2]04ie-2 e:o.o 

B *, -.160629E-2 . F 1 0.0 


1.1 


1.438750/ 95.0 


1.443854 


S5 


R : -2.44588 C : 0.195359E-1 
K : 0.0 D i -445800E-2 
A : 0.917902E-1 E ! 0.0 
B : -.439814E-1 F ! 0.0 


0.0 






•>o 


oo 


0.0 






S7 




0.0 






S8 


oo 


0.0 






S9 


oo 


0.8 1 1592 






S10 


oo 


0.6 


1.5168 / 64.17 


1.526269 


Sll 


TO 


0.0 






IMG 


OO 


0.0 






D;Yi<?rHtf3^gttff{fia E:YHfl<0#«tE«& F;Y'-TR^IP«tMa& 





[0026] 



*40* [g2] 



1 1 
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NA / te JgSt/AStra 4 (0.35/ 1.8mm/ 1.98mm) 


iSE.fi A = 650 nm 


m 


[mm] 


[mm] 


Stff^Nd/ 7 j *^Stvd 


650nm*CeO 
St/rOiN 


OBJ 


oo 


oo 






STO 


- oo 


0.0 






51 


R : 1.01107 C : -,!049<59E-2 
K ! -0.700344 D : -.713744E-3 
A : 0.52 1041 E-2 E \ 0.0 
B : -.160629E-2 F : 0.0 


1.040991 


1.438750/95.0 


1.437364 


52 


R : -2.4422 C : 0.195359E-1 
K : 0.0 D : -445800E-2 
A I 0.917902E-1 E 0.0 
B : -.439814E-1 F : 0.0 


0.0 






S3 


oo 


0.0 






S4 


oo 


0.0 






S5 


CO 


0.0 






50 


oo 


0.0 






S7 


oo 


0.0 






S8 


oo 


0.0 






59 


oo 


0.839873 






SIO 


oo 


0.6 


1.5168/64.17 


1.514523 


Sll 


oo 


0.0 






IMG 


oo 


0.0 






X " H1-(1 + K)(Y/R?|^ -AYVBY^CY^D^EY^pyU 

R:i£»R 

A:rawMOT*a B^Ao^Gatt cy*#o#2ot«» 

D;Y»«raogf]8t®«a E:Y'2lg<fc#i*ffiffi& F;Y>*a<W**ffiii&Sfc 





[oo27]ii K^LfcawBte^ayt tftBUifljA* 4 * 
maletolt-*-*. v^b^&MS^^-c&o, feuxg 

hW\sVX \ bfcfcKO^btffclftfcfcsSr^T^ft.,*. 
1 b ^3^^£hZS3S^S^kfyr "/ ^&Li fi3 5 HI 



40*-fixl±\ {hUyXl a. b Wis >X lb tV>$]i <9 Shitm 
[0028] H2ii. 0 1 t*Lfc««**»»aEa*> 



( s 

1.3 

•2&*&4 . t < tz. 40nmfc|.M 

3tt7 a— #x t> , *SBJK^S*Yb«Offli*it*i*8E» 10 
««c 3 L T PolM t £ h "Tffitta^T * 6 . H 2 

ft < & h-n^z-fixtz^X'Xm^hV >X 2 ogusggsi 

a*** ici'tbi, izytmmft 3 3 a tt 

[OO29]02t* L^«Bgft¥^fii«Cfc^T , 
^^jS«3*aaM5S:0 5 U i&ft 

«*6«ttJB£ 1 0 0%X'MfeitLtzStrehmT'$kLX& 

|,7l/ywW5'ff l j3i->' (j^fSJiXHO. 07 rm 
sA) MASH'S (mcfflS^S. LA»L3r0*4>. Site 

KLtzmmft^&mf&mfr^&wmmiEmyt^m? 1 * 

BfcV 0 2 O^^Tti . 0 6 {c^ Lfc J: a tc . 
§&#+ 5 n m£>6 t § (&5JB&g#?&<94J^a*8 0%i 

0W^7 7%T$>0. -HMriRSiXitf-y h-j&*f§&;fi$rn 
^tm. 30 

[00 30] ifc, 07(2, $ft6 5 0 nmTfelRMIS 
jE3:LO*trS\ &ft4 4 0 n m T'feJKilffliE^ L<7)i§£ 
*J.ktf«fi4 4 0 n mT-felRHffliE$) 0 
T . U-lOnmH+lOnmSSS 
H*Tfc*^OStrehl ffiOSafcSrijc*- 7 T* 6 . 0 7 

ft^SLT- 1 OnmW + 1 O nra^iLT tfeKH 
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1 4 

■^-C(ifeJRSS-«jEU*^4: . ± 5 n mfiLh^saBTSt 
rehl«#8 0%OTt^r 0 . feJRS**|jE-f isB**** 

36*+ 5 n m£> & t * <n&Q&t3Wtm*jfi Uc08 *>4> B J 
4»* i: 6r«t d tc, ^J^Jg^O^'frri* 8 0 % J: 9 +c<7) 9 

[003 1 ] m2lZifktfci.d%m?E.0>ttm\'>X2cr) 

■T 6 . Lfctfot . 0 1 0«WS3K^««Ht^ Lfcft 
^X^-y ? *m?rt LX . &BdfiA 4 0 n mVXYCOJt 

NA#0. 5 5JJJLL. jS^ffi«J&*l . SmmiiLLB. 
O d Jgc^T -y 9 5.0 JilT^3E<^TOU VX 2 

II 1 te*Ufc«*3fcS*flWiia<0j: o (C. -feJR 
^«IEffl7t^*^ 1 *fflvv£feiR£*«IE-f 

[0032]^:. ^coSftAM 4 0 n miZXTX'fc 
K). i4ftU>X2**NAO. 7 0l3Lh> M*Ml. 4 
m mjyjLfiO d i«7 <y 9 5.0 iaT"C*» 4 2 tfc 
OUyX-CW^SitTtJO. -ro3ti®i:* ! fftu>-X2 1 

*»<ioift«4 4 o nm&kv&vRmmjEmyt^m? 1 * 

ffiV^Vi6 5 0 nmT-<D!itfHi&3e 3*3^1^4 • 
L. 9tffiiR£(2BI 1 -1 (a) . #^«X^±H1 1 

( b ) . m&wmm n (o.mo. sstois 
JtzMtiia 12 ( a > , $&±.x'<vmwmm 12 ( (b) 

ftWU'^X-CHI^-fftaSU. *Il/yXtNA#0. 
7 0 «t • "J ^-CfciWflj l^- yX 2 £ SSR-r 4 i t ifV VX 

<7)tux±mnbxmmx'h izttzzt,. 

[0 033] 
[*3] 



(9) US 2000-19388 (P2000-193SSA) 
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NA/ *..er.ie»/Affrffl 1 (0.7/ 1.4mm / 1.96mm) 
[mm) 


[mm] 


ZfitS X = 44U nrn 

i£Nd / T -7 &V(] 


•i40nm*Ceo 

■ 'ICr ft -4— \\ 


OBJ 


CO 


oo 






STO 


oo 


0.0 






si 


r : 6J8 c : o.o 
k : o.o d : o.o 
a ; o.o e : o.o 
b : o.o p : o.o 


2.0 


1.5108 / 64.17 


li26269 


S2 


R : : 9. 68066 C : 0.0 

k.: o.o - d : o.o 
a : o.o • e : o.o 
b : o.o f : o.o 


1.6 


1.75520/27.58 


1.789557 


S3 


r : 12.0 c ; o.o 
k i o.o d : o.o 
a : o.o e ; o.o 
b : o.o f : o.o 








Sd 


R : 1.13382 C : -.629383EO 
K : -0.40865 D : 094777E-2 
A I -.22Q393E-1 E : 0.0 
B ; -.13386 IE- 1 F : OX) 


1.047744 


1.438750/95.0 


1.443854 


OJ 


R : -8.82788 C ! -. 109225 E-3 
K * 0.0 D : 0.168193E-2 
A I -.155426E-2 E : 0.0 
B : -.155I66E-2 F : 0.0 


0.2 






S6 


R : 0.97559 C : -.641939E-1 
K : -0.377658 D : 0.0 
A : 0.473800E-1 E : 0.0 
B : 0.436903E-1 F : 0.0 


1.0 


1.438750/95.0 


1.443854 


SI 




0.0 






S8 - 


oo 


0.0 






S9 


OO 


0.124481 






SIO 


OO 


0.1 


1-5168/64.17 


1.526269 


SU 


oo • 


0.0 






IMG 


oo 


0.0 






X " «1 + KXY/Rft « +AY4+BY ^ ftEY ^ 4 

D:Ytmao»vi&aft ^Y^o^saa F;Y>«RaMtaraft 





[0034] 



* * CS4 3 



1 7 
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1 8 





NA / ft.&ffiflt /Afctttt 4 (0.7 / t .4mm / l.96mm) 


(US A = 650 nm 


m 


[mm] 


[mm] 




650nmTO 


OBJ 


00 


oo 






5T0 


oo 


0.0 






St 


R : L134J6 
K : -0.40865 
A : ..220593E-I 
B : -.133861E-1 


C : -.629383 E-3 
D : 094777E-2 
. E : 0.0 

f : o.o 


1.032861 


1.438750 / 95.0 


1.437364 


52 


R : -328443 
K : 0,0 

A : ..155426E-2 
B : -.15SI66E-2 


C : ..109225E-3 
D : 0.168193E-2 
E : 0.0 

F : o.o 


0.211487 






53 


R I 0.95320 
K .* -0.377658 
A : 0.47380QE-1 
B : 0.4369O3E-1 . 


C : -.W1939E-1 

d : o.o 
£ : o.o 
F : o.o 


0.999484 


1.438750/95.0 


1.437364 


$4 


oo 


CL0 








00 


0.0 






S6 


oo 


0.0 






S7. 


00 








58 


oo 


0.0 






S9 


oo 


0.125342 






S10 


oo 


Ql 


1.5168/64.17 


1J14523 


311 


CO 


0.0 






IMO 


oo 


0.0 








Y 2 ^ 








D:YMao#twBfttt E:Y»*floi«Bflsa RYHfio^^srae 





[00 3 5] H9 tc*Lfc«BB6^*»j£SUifl>jfi*<*| 

•y Nft# 5 5 J2LLT* & ft^tt^TlfiJiSt $ ti , Dfl u yx 
1 bl±ftm<3zTh& 1 1 1 CTdUCDT 3 5& 



40 * -f *Ui\ A yX 1 a t [Hl^ yx 1 b t coPi; 0 ^Jb-tfffl 

±t-h^mt. &z*tmi<>yX2co]Ecr)miftj)v±t 



50 



[0 03 6] HI 0(2, H9fc*Lfc«*3fc¥*«JSHI 



( 1 1 



1 9 



4 tc*f . El 1 4 ^BJ^SrJ: jfcft^l&#+ 5 
n mj, & i: # li*{£3fiK#^<04>'l>#8 0 %£ *) ^ 7 

ifc. Wil 6«\ ttft6 5 0 nmT'felRgffliESrL^i 
%«4 4 0 n mV&B&WEft LcomStS Jtfift* 
4 4 0 n mT-felRMffiE$) 0 ^-^-CIO^T , 4"l>i&H 

On m^ft) $ -£/c*§-£cDSt 10 

reMm<7)$mz7ik-r7'7 7Z'fo&. mi efrbw^fr* 

5 0 n m^*|^-T'<i4"C^*^^f LT 
- 1 0 nm*>£>+ 1 0 nm^ftlt k-feJR3£<Olf jE*<i£ 
ST'^ V WlZ *f L t , 4 4 0 n m c9*§-£T'iifei& 

^fluEl-Sr^i s ± 5 nmliLh^KT^ll^S 0% 

[00 37] -5-LT. m9iz^L^±MtMm^yX2 

flS*BMtf|jfcij*LfcBll 5*>&BJifcA»$:J: olz. jUBQH 20 
*4Mlitf)«lM>a*8 0 % X 0 ±<0 9 9 %T-£) 0 . <5 1 ^ if 

[0 0 38] HI 0fcjj*UtJ:3fc:. 2&<r>\s>xvm 
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2 0 

^ L.*yte¥.X^ ■•/7£m.%-tlZ , ifcRAM 4 0 n m& 
T<0fl£}BL NAM. 7 0Jy_b. M*SB§f*U. 4mm 

JOJLao d wnr ? ^Wfi 95.0 uito 2 &o >-x 
thus $ tifzmt u > x' 2 T-ii . rp^x- * & ma 

[ 0 0 3 9 ] tea. m 9 i^flM#^$ffj&0-c 

« . feKSffijEfflft^S^ 1 £ 2 tJW) P >X £■ BA 0 
■frst 1 Sf 2&U- >X<0»«T*4 WHSr^Lfc**. tzt 
Htm 1 7 0«Btete^flftfc@fc: * Ltipt, 1 fey. 

±<7) u ^xTitsK l . jao \s>x%& n-s-hit-nzmm 

£*ttTE!ft:^4«J*<>3fctf>T'&JI^. Ell 7(cij*Lfc 
W^^WlKHfcfctt^S^WjftJU 1 OnmfcJ: 
t/fiiR^jEffl^ffiiF 1 3rffl^$r^6 5 0 nmTOlS 
&Hfi£S5fcJ:tf8i6fc:ii*U *£®JR^{±lll 8 

( a ) . #j£JRS(iia 18 ( b ) „ MftJR^tiH 1 8 

( c ) , WftO. SJK-COfltJRHJiHl 9(a). &&± 
TcOfl|iR||(ill 19(b) fcjjr*- . 

[0040] 

[S5] 



\ ( 1 2) 12000- 1 9388 (P2 0 00- 1 9 38SA) 
2 1 2 2 



IT S3 U >X 


NA / « .ftffitt /AfrtlSE 4 (0.85 / 1.765mm / 3.0mm) 


7&&. X — 4i0nm 




[mm] 


Art u an ttx 

[mm] 


dl&ll & It £ 


4!Onm*C<0 


OBJ 


CO 


oo 






. STO 


co 


0.0 






SI 


r : 7.4 c : o.o 
k : o.o d : o.o 
a : o.o e ; o.o 
b : o.o f : o.o 


1.2 


1.5168/64.17 


U29369 


52 


R ; -12.40435 c : 0.0 

k : o.o d : o.o 
a : 0.0 E ; o.o 
b ; ao f : o.o 


1.0 


1.75520/ 27 J8 


1.803040 


O J 


r : °o c : o.o 
k i ao d : o.o 
a : o.o e : o.o 
b : ao f : o.o 


1.0 






SA 


R : 00 c ; o.o 
k : o.o d : 0.0 
a : ao e : o.o 
b : ao f : o.o 


1.0 


1.73520/27^8 - . 


1. 803040 


S3 


R : 13.24032 C : O-O 

k : o.o d : o.o 
a : o.o e : o.o 
b : o.o f : o.o 


3.0 






ou 


R : 1.6273 C : 0.749873E-4 
K : -0.50566 D : -.204TOE.3 
A ; -.207368E-2 E : 0.0 
B : -.999092E-3 F : 0.0 


1.564562 


1.4955/81.6 


1-504S69 


S7 


R t 89.43684 C : 032978E-2 
K : 0.0 D I O92I202E-3 
A : -.2912S1E-2 E t 0.0 
B : 0.459860E-2 F : 0.0 


0.34768 






53 


R : 1.30215 C : 0.206089E-3 
K ! -0.503781 D ! 0.0 
A : 0.193338E-1 E : 0.0 
B :0.120697E-1 F *. 0.0 


1.282655 


1^8913/613 


1.604471 


59 


CO 


0.134216 






510 


oo 


ai 


1.5168/64.J7 


1.529569 


Sll 


oo 


0.0 






IMG 


CO 


0.0 






A:r J&O^SRfflfca B;Y*JE«3f:3tm*fc& C:Y* 

D-.^naospOTfl&a E;Y»rH<onj:*m*ft F:YHa^«tE«a 





[004 1 ] 



*40* [^6] 



2 3 
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24 



u > X 


NA/ft*2g*t/Afrfit 4 (0.85 /i. 765mm /3.0mm 


i££c X = 650 ntn 


O 


[mm] 


91 J: raj Fn 
[mm] 


dft*u. Jo \J 4i 


650nm*C^3 


OBJ 


CD 








STO 


" oo 


0.0 






51 


R : 1.61696 C : 0.749875E-4 
K 1 -0.50566 D : -.204775E-3 
A : -.207368E-2 E ; 0.0 
B : -.999092E-3 F : 0.0 


1.652546 


1.4955/81.6 


1.493730 


32 


R : -21 12.22413 C : -.332978E-2 
K : 0.0 D : 0.921202E-3 
A : ..29128 1 E-2 E : 0.0 
B : 0.459860E-2 F : 0.0 


0.317255 






j j 


R : 1.26974 / : C : 0.206O89E-3 
K I -O.50378I D : 0.0 
A : 0.193338E-L E : 0.0 
B : 0.12O697E-1 F : 0.0 


1.260777 


1.58913/613 


1.586426 


S4 


CO 


0.0 






S5 


oo 


0.0 






S6 


oo 


0.0 






S7 


■ 


0.0 






S8 


oo 


ao 






S9 


oo 


a 136937 






S10 


oo 


0.1 


1.5168/64.17 


1.514523 


SU 


oo 


0.0 






IMG 


oo 


o.Q- 







x= 



Y 2 /R 



l+d-d+KXY/R)?} lfl 



+AY«+BY SfCY^D^+EY'^FY 1 * 



b-.y 4 aroreaiHtfcs 



[0042)117^ L,fe**^OfeiRaMiEffl3te ! 9 6 
*«+ 5 n m$>& t &*>jft«SaiJKMIiSrH2 Oteijrf . £ 
1 SrWi^fc^SfclfcirVC . tt*3a»#+ 5 n 
Whlrtc&olZ. Z tftftSMRTU; 4 4 0 n m &T<0« 



rnmmm 3 a T^t^s^^D^s o % i r> 

6 %X'3b K) . -H)-=5r«Sl!^^-y h aw&iifc-oi t aqaj 
I). 

[0043 3 122 2(2, **6 5 0 n mT-feiRS 

If IE&- U9*t£\ ifcft4 1 0 nmT'felR^aiE^LcT)^! 

50 t. W««l:MLT-10nmH+10nmai$ 



( 1 

2 5 

a^BJte^SrJ: o fo. jfcg#6 5 0 nm £9i§-£ Tli-feJR 
HcO^jE^^T'SrV^tWLT. ifcH#4 1 OnmOD 
^T'tifeHX^^ffliE LKc^t . ±5n mtUKOat 
Strehlft#8 0 %J^Tt : 5r 0 . fyR***!! 1 *- 

[ 0 0 4 4 ] ±K U7"cfeiK^»iEffl^»^ 1 li , 3E» 
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2 6 

t «k i \ - cD*S-& , t i (id 2 3 <0$tB&3fc^«fiJai 
tc^Lfc «fc 0 SMijt'+'fc: 1 tfcJ0±ou vX-caWES 

H 2 3 fc* Lfcm*^»j£EU=fcWS#¥JR*)«* 

4 4 0 n mfcAtffeKaBUffift!**? 1 £JBv*SrV>6 

5 0 n m TOlSfHI &B.7&£ X/m. S iZ^K I . ££®IRg 
!ffl2 4'(a-) . ^^JJXS(il32 4 Ob) . ^ftlRMti 
124 (c) . 1^0. 5 KT-coatIRH(i[l 2 5 

) ( a ) . MJh-C<>D8MXay±l22.5 ( b ) 
[004 5 3 
[*7] 
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27 28 



3t® \" > * NA / /AMIS <t (0.33 / 1.8mm / ] .98mm) 


&g X = 440 nm 


Si 


[mm] 


4*i JL.IHJ rfn 
[mm] 


Off*. *— i J -%> 


*MUniJl (. vj 


OBJ 


CD 


20.0 






STO 


ob 


0.0 






SI 


R : -5.23663 C : 0.0 

k : o.o d : o.o 
a : o.o e : o.o 
b : o.o f : o.o 


1.0 


1.78472/25.71 


1.823295 


S2 


R : -9.47002 c : 0.0 
K I 0.0 d : 0.0 

a : o.o e : o.o 
b : o.o f : o.o 


0.1 






S3 


R : 20.358 c : 0.0 

fc : o.o d : o.o 
a ; o.o e : o.o 
b : o.o f : o.o 


1.8 


1.62004/36.26 


1.641035 


S4 


k ; o.o d : o.o 
a : o.o - e : o.o 
b : o.o f : o.o 


2.5 


1.5168/64.17 


1.526269 


S5 


r : -7.021 c ; o.o 
k : o.o d ; o.o 
A I 0.0 e : 0.0 

b : o.o f : o.o . 


3.0 






S6 


R : 1.02246 C : -.104969E-2 
K : -0.700344 D : -.713744E-3 
A *. 0.521O41E-2 E : 0.0 
B : -.J60629E-2 F : 0.0 


1.J 


1.438750 / 95.0 


1.443854 


S7 


R *. -2.445*8 C 0.195339E-1 
K : 0.0 D : -4458O0E-2 
A : 0.917902E-1 E ; 0.0 
B ! ..439814E-1 F ' 0.0 


0.0 






S8 


TO 


0.0 






S9 


oo 


0.811592 






S10 


oo 


0.6 


1.5168/64.17 


1.526269 


Sll 


OO 


0.0 






IMG 


oe 


0.0 . 






D;Y»3(0#»an#3[ B;Yi3B0>#StiBa& FtY^A^Mfftt 
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2 9 
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3 0 



U > X N A / Jfe.£EJ(E /ASttI i (0.55 / 1.8mm / 1.98mm) 


ifc-Bb A = 650 nm 




[mm] 


[mm] 




650nm"C^ 


OBJ 


oo 


10.245243 






STO 


oo 


0.0 






51 


D ■ 11 A*)K 1 *j r • f\f| 

IV. . fj 11 . u.U 

K : o.o d : o.o 
a : o.o e : o.o 
b : o.o f : QJD 


1.8 


1.62004 / 36.26 


1.615422 


S2 


k : o.o d : o.o 
a : o.o e : o.o 
b : o.o f : o.o 


2.5 


1.5168/64.17 


U 14523 


S3 


K. . 'D.5 j/Jx. \_ . U.L> 

k ; o.o d ; o.o 
a : o.o e : o.o 
b : o.o f : o.o 


3.0 






S4 


R : [.00962 C : -.104969E-2 
K : -0.700344 D : -.713744E-3 
A : 0.52L041E-2 E ; 0.0 
B : -.160629E-2 F : 0.0 


1.040433 


1.438750/95.0 


1.437364 


. S5. 


K : 0.0 D : -445800E-2 
A : 0517902E-1 E : 0.0 
B -.439814E-1 F : 0.0 


0.0 






S6 


oo 


0.0 






S7 


oo 


0.0 






SS 


oo 


0.0 






S9 


oo 


0.838185 






S10 


oo 


0.6 


1.5168/ 64.17 


1.514523 


511 


oo 


0.0 






IMG 


oo 


0.0- 






A:V«S«*«HMk B;^9n*9iBftft C;y*«#»aM& 
D;Y>qH09^XHtBA'tt E;Y^^*^flS«» F;Y'«S<0?MfcE&» 



[0047)i23CS L^-feJRH«IEffl3t^^ 1 S: 

m * 4 k * Oj*C«5ftK^* 0 2 6 . H 2 3 

^fc«"ttie**»JSI2fc:*}vvr . 5 n m$> 

6 t * <Oja«3MMM6«:BI 2 7 iz^t . E 2 6 fc 9i 
*>3&«ar«J: a fc. i<0**3fi"C«4 4 0 n mJ3TF?)3Sjfc£ 

t T i, Aimmft1ftcr>*'\:<tf 80%£<0±CD89% 



40 * fc$r*J:dfc:55JiLti:35 Mr 

i?{C«IELTV^Ct^WI)„ .TfttttLT. 02 7**' 

9fiHRie»ffi3 a TO ^«3S«^<7)+ 
<l>#8 0 %£§iJi> 7 9 %T£> 0 . +tt*M$iXrt!-v b i 

[00483 028i±. «6 50nmtfelRf 

WE* L*)#£. jS*4 4 0 n mT*feiR»lliE$rLtf>* 
^iS itftt*4 4 0 n mT'feJRUffliES) OcOiS^tCO^ 
50 t, 4>'t^CMLT-10nmKtl0nm»$ 



( 1 ' 

3 1 

^Bfl J; a fc. jfc*#6 5 0 nm<0«^TUfeiR' 
g^IE^^T^^;:** LT . »*J&*4 4 0 h m<0 
if^T'tifeJRHriilE LZc^b . ± 5 n mJiLh^SEKrc 
Strehlffi#8 0%OTt ^ 0 . feJR*Srl«jEf«.*B*« 

[0049]UIT, 11, 9, 17. 2 3t=^LA:*J| 
BBOfeiRaaiEffl^Wf - 1 &Mmt& 3t^e 7^77 
7«BKov^T.:l2l2 9S:#^LTKBB , r*.-'5rts. II 
2 9 T'li , ft* L T El 9 0««&3fc3S#«JicEI(C L fc fe 10 

^Ltl^'.il, 17, 2 3<9««&^*«J£EIC 

X t J: v ^ £ { i w -5 4 T t> v 
[0050] 3^e??T?:r^*«jST43K» (H 
n&t?) . t * tf^flsU— f *^liifcft#4 4 0 n 
m *>ietM»l£ t'- A^itiftf £ *u jfc. £ £ (f HlfiftS^ ( 0 

ticfc b'-AXT-y y.^AfrBjfeb ~ 1 y4v mWC5 lzS_ 

sa&^i. fc" x \ yh. ^7fe JDUBfiE^s^^Ttfc i * 
ffiffiSrWf SfeRlfo^^t, tiWHE»ffi3afc:!BSt3*i.. 

feiRlfeMljEffl^R^lSrSiflU/snflljtb'-^i, *f 

^U>-X2&^LT3tie«Mfr3^fi^-|e«iDB3a(;lR 30 

[00 5 1 ] 3^flBBE*3^)flffiffi«ffi3 aTRWSil 

-At JifSEfi^ Wo tm^c^mmt^zj^:^ 

J8£j£&7 £^¥wiflHfe|£h*-A t OBt^-fla* 9 0 
JKEUe L^it^W^t -A(iil3fet'-A^rU -y ? 4 T' 
^!tt$ix. 7r-*yy^yX6. v/Uf-p>-X7 Sr 
3BiLT3etftai«8fc:*5l£$fi6. Zcr>ffi%lZgk8l l m 

fc£3e* ; F*:!B»S*i& OiJWtofc J: V± l itefca>3fc*£ 

h7 7*^l5 -ff-^iJ J:t>'RF fg<Mfc&*tft{ti $ ft 

J^x 7 -fi-§-& i h7 7^ ^f'^y-mmzm-J < fffl 
ffllft-f-^«t 0, 7*-#^>-^-,-frfc ( £z/-h5-y= 3 r:x 

[ 0 0 5 2 ] JJE UfcewailjEffl***^ 1 £ AIM L 50 
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3 2 

^3t^f-y ?r v7mm±. foMmmA 4 onmM 

** * fx -» T fc fiUKS * -HMI jE I , £ fz =t - F * ■■/ 1 

tr tfeflxas-i-^ajE-rsiOT . 3ti£iim 

4. 

[005 3] JMT. ±KL^^h'-y^T ••/7 , gS^ft 

L T %BS&?f£&8<0 ffittWABI & @ 3 0 *• #fi3 L 

[00 54 ] *S5»S^Sa{±^ f>- K/Ut-* 1 0 . 
iMO^e-^ 1 2t3il>'7t^f-y7T-y7^S9mcJ: 0 

SiifciSOt-^ 1 2 fcTli«Sii4iBI«ig»^St:J: 
Offi^ix^. 7ti:£f±\ Xt'V H/Ut— ^ 1 0 tf-v -y 
^^^Sitfc3tSSfMK*3 SrS^-f i/^fA3 

l 4frb?>oy hD- /ufi-f-^-if— 
S§ 1 3 fc^flPlHlSS 1 1 izm&Z ti& . 3 > h n-/HI 
$ ft/c - #'$iJPIhIS§ 1 3tli, X t° y F /i^ 
-9 1 0* 7*-*>'>^5l#a**0Bfc:K3t$ii^:Ill 
<ESrage§-fr4 4:.4: ttai'J*-^ 1 2*SMKlL. * 
^ f -y ^ T -y r^B 9 * . 7^i: tfMmmfc 3cr>ftm 

mtz&m $ h . 3tE«asE«t 3 <o i*)/i3iiwii& 

h° -y ^ T -y 9 T'Ji . 7 =r - *^-^-f-»f^{c«fc 0 

7 it—ii >■ frv. mz h 7 v * yfir-x 

[ 0 0 5 5 ] 7t#f-y ?7-y 7^B9«r«l£-*-43te«!ai 

x^&frcr)tiLwmwwii2£mm®8%i uzmteztiz. 
7'j^y-mmi.? 4 iv? v >y%ti^ ynr-Ayy^m 
ha-y 1 4^^LT^-^WtHSSl 3(:ft^$ix 

4. ■t-*:$wiHis& i -> >7vmm*Tizji 

-oxie¥t°-y7T-v7°mw.9i:mf&.?z>, tztittzm 

•v ^ >7ummmz iot^t 7 ?77 riss 9 * « 
«ti.z*7^tax-^£0 f 5 v*y?-3 4 /vzmm 

•t&. by-v*y7%mm^fc®&LMii/XT2±3> 

iMO^-^- 1 2^iBWr4„ Cft^(cJ;-oT. 7*->7 
^ y by-v*y w - #±$ J: tf» 9 -fr- -t:^ 

7 - n' -y ? j&tff *wh.« . 4 , 7tIWM#: 3 

<^«i&a*ajUTi^*»oiaBflHWissaiiiii»i 1 

tcJ: 03taS$ft. xtyHAUflljl^i: LTXf^K/U 
t-^lOKW&Sii. xtryh'/^-^ l otf+7 
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3 3 

4. zlx. 3zimmn i iz± owMznxmmzix 
Kn±7-?immm% 1 5 lt^sihc£j*s n 

4. 

[00'563 Ab°>Hy^-^l OtC^-T •y^>^'$il 

-c^4ftia£i»3<c. tzt z.imm^®&zixi?\- 

U'T-fitm-? 4%£, 7*-;£i>>'?"-*f-*\ h7 
•y^V?'1f-tf':fc 01^-^07 * - KA-y^-t- 

tf' £ *> ft 4 £ T-ttS* £ HttOSS JgS. '^fA3 
> ho -5 1 4^fc«£MB5|II»l 5Srrt-LTAA3*i'& 

v-^m-^tfy-xumwi 3j3±t/sEaang»i i 

(c0H£3;ft.4. -9--#«!l«IllB 1 3tli. 
-?1 0£J9rSOEM^KfMW^4fcfcifc:. iMO^- 

T I6» 7 * . - V -y h {CSO' < tf . f -y 7 

T -y 7°£S« 9K«ttS*l4..3&?e-y?7-y 7-gB 9 X" 

^f* 3 *«iHBH»--3ene«ii± $ ft 4 , iwi-cav 

(Constant Angular Velocity)-r -f ^:?T'£>4*§-cH4. 

^T"£>»5\ J*tr>-K;HE-* 1 0(4— 5£<O0$e3&£3: 
4J:3fc:iS!M$ft4. 

[00 57] S£#JBtfWl5B£^*5±tfi5»fcS£tf> 
WCTfflar5B2»S£S»££«$ft 4 #5* t v9T-v 
y'^m. 9 fc:*fBBBOfeJR«||jEffl3lfi^*^ 1 #»jRSft . 
T I Xltf , 3teaw>*— F * >y t ^^WKST & 44^ft 

3SfcK:T-£>4J5(3;4 4 0nmJ)|>H(i4 4 0 nmJilTO 
fc ttffl Lfc "t S (C£ t 4 QUmzft LX WSSfcttE 

■thzt #x* # , y&umto 3 so s <?> * & rasa*** 

[0 0 583 

(4, 4 4 0 nmJ3lT<?D«**3KaR«:ffl^fc«*H±fc:St 

t xie&k z mm. l tzx& e -y ? 7 -y r sattj j: v ^ 

mm±$iWi±-&ivim' ! +-fttzMiE-?h z t #t-# i<o 
x\ xssfflmnz totchmmm%.±m&iUzftm-t 

[013 *»*<?>feiR*lfjEffl*W)S : F- £Kt£ LTttK 
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3 4 

[02 3 0 ] ^i»3t^»fllfltSI*»<3feiR3l«jEffl3t 

[H3 3 milZTrsLtzmv&ft^&ffi&Lmizti^X , 
( a ) ii^ffiilX^. ( b ) (4#j£JDUL ( c ) (4^*IR 

( a ) (4®^ 0 . 5JgT'(7)fi|)RS, ( b ) l4fft±T-^fff 

t05] M2izifkLtzWi^^mmmi l z}o^x . & 

"[06] 02t*Lfe««&3t^jRflWt0fc:tJV^T, * 

[07 ] 1*6 5 0 nmTfe!Kiiffi;E&LO*§-S\ * 
S440n mf -feJR^ttiE^: L^if-g-fc VjS*4 4 0 

T — 1 0 n m*>/o+ 1 0 nm^iJj^^Ji-^^Strehlfa 
co^m^^-t^'y JX'h-h . 

[08] EltC*L^aW&*qt*»|fiSlfe:t>^T. ift 
20 *Satta«+ 5 n m fo h t * <Ojfi«5SS4i-ffi«: 0T£> 
4. 

[09] **B^OfficDfe)KII«iEffl3fe^»^$: ISIS L 

[010] 09 <o««tt*awf «iaa» ^ feiRUffljEffl 

[011] 09^ U^ffifB&^^^0^fe t . 

( a ) ((b) (4^^nxn, ( c ) 

.[012] 0 9 L3t«*3t^»|jt0f iJ t >T . 
30 ( a ) (4B^I 0 . 5JgTOfiflKH, ( b ) (AMLttWfll 
JDa£*5^-0-C*4. 

[013] aiOCS Lfc««*f^»««0t:*J^ 

4. 

[014] 0 1 0 L^:fl!»3fc^*fltl«HK:*J^ 

T , 5 n m£4 t # ^^S^^^-T 

0T^>4. 

[015] I9t:SL»^«i(;tiut. 
Sft^JSaB* 1 + 5 n mh 4 t S tfDja«5§JK^ff S-^-fHT 
40 hi,. 

[016] M650n m T'feJR^jE^r L«*tr3\ 
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